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Abstract 
The Colchian plain forms the central part of the Georgian coast. Due to its protected area 
between the ridges of the Greater and Lesser Caucasus and the resulting mild climate it 
constitutes a refugee area for thermopile species during the last glacial maximum (LGM) as 
well as an ideal location for early human occupation. Despite the existence of excellent 
geobio-archives, the number of geoarchaeological and palaeogeographical studies in the 
Black Sea area in general, and in Georgia in particular is – compared to e.g. the Mediterra-
nean – rather small. Therefore, this study shall (i) decipher Mid- to Late Holocene landscape 
changes, with special attention given to (ii) the Holocene relative sea-level (RSL) rise. In 
the context of the Black Sea-level history it is of special interest (iii) whether the water level 
rose oscillating or continuously. Furthermore, (iv) the geoarchaeological investigations on 
settlement mounds shall clarify the influence of those landscape changing processes on 
human occupation of that region and (v) establish a chronostratigraphy that eventually ver-
ifies the mounds' Bronze age origin. 
This study is based on sediment cores that were gained from different locations on the 
Colchian plain between the rivers Enguri and Supsa. By using sedimentological and geo-
chemical analyses (e.g., XRF and XRD-scans, LOI measurements, laser particle analyser 
etc.), sediment facies shifts in the natural depositional patterns and anthropogenic influence 
could be determined. Age estimations were established by using AMS-radiocarbon and lu-
minescence (IRSL) dating and rendered a chronostratigraphy.  
Consequently, an extensive landscape change in the research area was proven for the last 
8000 years. While the coastline stayed more or less stable due to the extensive long-shore 
drift, its hinterland was turned through enduring sediment infill from an open lagoon into an 
alluvial floodplain since 3500 cal BC. Meanwhile the RSL rose continuously from  
-10 m below its modern level until it reached ~-2 m between 3000 and 1000 cal BC: Sub-
sequently, the rise decelerated until it reached its modern level. These processes contradict 
the theory of an oscillating RSL rise, as proposed i.e. in the Balabanov-curve for the Geor-
gian coast. They endorse instead the model of a continuous RSL evolution of the Black 
Sea.  
The investigated settlement mounds exemplify human occupation since at least the early 
2nd millennium BC and verify archaeology-based implications of their Bronze Age origin. 
The stratigraphy of the settlement mounds hints rather an intentional accumulation of sedi-
ment layers than a succession of settlement layers as known from tells. The warm and 
humid climate that prevailed during their occupation and their environs that were dominated 
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by extensive wetlands back that assumption and exemplify the dependence and need for 
adaption strategies of human settlement to their surroundings.  
It was the first time, that a combination of sedimentological, geochemical and dating ap-
proaches gained further knowledge on the landscape evolution of the Colchian plain and 
the relative sea-level evolution and gave first insights into human settling in complex envi-
ronmental conditions. 
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Kurzzusammenfassung 
Die kolchische Tiefebene bildet den zentralen Abschnitt der georgischen Küstenniederung. 
Aufgrund ihrer geschützten Lage, zwischen dem Großen und Kleinen Kaukasus und dem 
daraus resultierenden milden Klima, stellt das Areal sowohl einen Rückzugsraum für ther-
mophile Arten während des letzten glazialen Maximums (LGM) als auch einen Gunstraum 
zur Besiedlung durch den Menschen dar. Trotz hervorragender Geobio-Archive ist die Zahl 
paläogeographischer und geoarchäologischer Untersuchungen des Schwarzen Meeres 
und im Besonderen der georgischen Küste, vor allem im Vergleich zum Mittelmeerraum, 
bisher eher gering. Daher soll mit dieser Dissertationsarbeit (i) der mittel- bis spätholozäne 
Landschaftswandel entschlüsselt werden. Ein besonderes Augenmerk liegt hierbei auf (ii) 
der relativen Meeresspiegelentwicklung während des Mittel- bis Spätholozäns, die den 
Landschaftswandel maßgeblich beeinflusst hat. Besonders der Frage, (iii) ob der Meeres-
spiegelanstieg kontinuierlich oder oszillierend verlief, wird hier nachgegangen. Darüber hin-
aus wird der Einfluss des Landschaftswandels auf die menschliche Besiedlung, anhand der 
(iv) geoarchäologischen Untersuchungen von Siedlungshügeln entschlüsselt und (v) eine 
Chronostratigraphie dieser speziellen Siedlungsform erstellt. 
Die durchgeführten Untersuchungen basieren in erster Linie auf Bohrungen, die in verschie-
denen Lokalitäten des Untersuchungsgebietes entlang der Küste zwischen den Flüssen 
Enguri und Supsa abgeteuft wurden. Das gewonnene Probenmaterial wurde im Geolabor 
der Universität zu Köln granulometrisch und geochemisch untersucht. Anhand der durch-
geführten Analysen konnten verschiedene Ablagerungsfazies definiert und Rückschlüsse 
auf den Landschaftswandel und anthropogenen Einfluss ermittelt werden. Datierungen mit-
tels AMS-Radiokohlenstoffmethode und Lumineszenzverfahren (IRSL) ermöglichten eine 
zeitliche Einordnung der Prozesse.  
Basierend auf den gewonnenen Ergebnissen konnte ein umfassender Landschaftswandel 
im Laufe der letzten 8000 Jahre im Untersuchungsgebiet festgestellt werden. Während die 
durch Küstenlängstransport geformte Küste relativ konstant blieb, verlandete(n) ab etwa 
3500 v. Chr. die dahinterliegenden Lagune durch den anhaltenden fluvialen Sedimentein-
trag (insbesondere des Rioni) zunehmend. Der Meeresspiegel stieg im selben Zeitraum 
von etwa 10 m unter seinem heutigen Niveau kontinuierlich an, erreichte zwischen 3000 
und 1000 v. Chr. ein Niveau von etwa -2 m und stieg seitdem deutlich verlangsamt an bis 
er sein heutiges Niveau erreichte. Diese Ergebnisse widerlegen für den georgischen Küs-
tenraum die weitverbreitete Theorie eines oszillierenden Schwarzmeer-Spiegels und bele-
gen einen kontinuierlichen Schwarzmeeranstieg.  
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Anhand der untersuchten Siedlungshügel konnte eine menschliche Besiedlung seit min-
destens dem Beginn des zweiten Jahrtausends v. Chr. nachgewiesen werden, was sich mit 
bronzezeitlichen Funden aus dem Umfeld der Hügel deckt. Die Stratigraphie der Hügel deu-
tet auf eine gezielte Errichtung innerhalb eines kurzen Zeitraums hin, was in Anbetracht des 
feucht-warmen Klimas und der Entwicklung der von Sumpfland geprägten Küstenebene 
sinnig scheint und als beispielhafte Anpassungsstrategie auf die natürlichen Gegebenhei-
ten gesehen werden kann.  
Somit konnte erstmalig mittels verschiedener geochemischer, sedimentologischer und ge-
ochronologischer Methoden der mittel- bis spätholozäne Landschaftswandel der kolchi-
schen Tiefebene, inklusive der relativen Meeresspiegel-Entwicklung und der menschlichen 
Besiedlung analysiert werden.   
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Chapter 1 
1 Introduction 
1.1 Holocene Palaeogeography and Geoarchaeology 
The disciplines of Holocene palaeogeography, a part of the Quaternary science, and geo-
archaeology are comparably young research fields used to contextualize human (pre-) his-
tory. Whilst classical archaeology is able to look back on a several centuries-long tradition, 
research on human societies in their specific environments is rather new (Marriner & 
Morhange 2006). During the past two decades, archaeologists have become increasingly 
aware of the importance of the environment in understanding the socio-economic and nat-
ural frameworks of ancient societies (Marriner et al. 2010).  
Due to their long and continuous settlement histories, the Fertile Crescent, the Mediterra-
nean, northern Africa and Europe are regions of high interest for geoarchaeolological and 
palaeogeographical studies. In particular, coastal areas yield potentially rich archives. For 
instance, they document the different aspects of natural forcing (e.g., sea-level changes, 
 
Fig. 1.1: Coastal areas as archives in geoarchaeological and palaeogeographical research (Mar-
riner et al. 2010, modified 2017).  
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climate and vegetation history; Fig. 1.1; Marriner et al. 2010). This is especially true for 
coastal environments; however, information on their hinterland is also provided by sediment 
supply from fluvial systems (Haghani et al. 2015). Furthermore, their sedimentary archives 
may show evidence for the transition from natural to human-influenced environments 
(Brückner 2005). 
Since the end of the postglacial transgression ~6000 years ago, coastal areas have become 
densely settled regions in many parts of the world, especially in the Mediterranean and the 
neighbouring seas. Here, the great civilizations (Greek, Roman, Phoenician etc.) left mani-
fold anthropogenic traces – e.g. harbours, cities, fishing industries, trade economy, defor-
estation and agricultural land use (Marriner & Morhange 2006, 2007). Therefore, the inter-
disciplinary approach of geoarchaeology (Brückner & Gerlach 2011) is well suited to recon-
struct natural and anthropogenic landscape-forming processes during the Holocene (see 
1.4.4). This holds especially true for the Black Sea region with its specific Holocene sea-
level curve and settlement history.  
 
1.1.1  The sea-level evolution of the Black Sea 
Global sea level underwent extensive changes during the Late Pleistocene and Holocene. 
After falling to its lowest position of ca. 120 m below today's level during the Last Glacial 
Maximum (LGM) around 20,000 years ago, sea level rose at an average rate of 1.5 cm/yr 
from ca. 14,000 BP onwards, reaching a near-present position around 6000-5500 BP (Clark 
& Mix 2002, Clark et al. 2009, Brückner et al. 2005, Lambeck & Purcell 2005). While this 
holds true for the Mediterranean the relative sea-level (RSL) evolution of the Black Sea is, 
according to literature, rather complex. There is in fact a great deal of confusion, in particular 
when looking into older publications from Russian authors.  
It is assumed by many authors that during MIS 2 sea level dropped below the Bosporus sill 
leaving the Black Sea separated from the world ocean. If so, it must have been a giant 
freshwater lake (Panin & Popescu 2007), which was considerably lower than today's level. 
The new hypothesis to explain the great deluge, i.e. the Genesis Flood published by Ryan 
et al. (1997) and Pitman & Ryan (1998) started a controversial debate on the timing and 
mode of the Holocene reconnection of the Black Sea with the Mediterranean. These authors 
assume that after the separation from the Mediterranean, the Black Sea was catastrophi-
cally flooded via the Bosporus in the course of the global warming that followed the LGM 
since its water table had remained significantly lower. The reconnection was initially dated 
to ~7500 BP (Ryan et al. 1997) and later corrected to ~8400 BP (Ivanova et al. 2007, Ryan 
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et al. 2007, Giosan et al. 2009). It is still debated, if a catastrophic flooding did indeed take 
place (e.g., Ryan et al. 1997, Pitman & Ryan 1998, Ballard et al. 2000, Lericolais et al. 2007, 
2009) or rather a gradual or oscillating sea-level harmonization (e.g., Chepalyga 2002, 
Hiscott et al. 2002, Balabanov 2007) or whether the Black Sea level was always high and 
had a continuous waterflow into the Marmara Sea (Aksu et al. 1999, 2002). 
Since the reconnection of the Black Sea with the Mediterranean via the Bosporus Strait, 
different RSL scenarios are assumed (Pirazzoli 1991, Martin & Yanko-Hombach 2011). 
Several studies proposed an oscillating curve, mainly referring to older studies (e.g., Os-
trovsky et al. 1977, Voskoboinikov et al. 1982, Balabanov 1984, Chepalyga et al. 1984), 
spanning a wide range of scenarios that differ in the extent and number of oscillations (Pi-
razzoli 1991, Brückner et al. 2010). Even after the reconnection with the Mediterranean 
Sea, the curve differ significantly (cf. Fig. 1.2; see also Brückner et al. 2010). E.g., the po-
sition of sea level around 5000 BC shows great differences: -5 m below the current sea 
level (b.s.l.) (Filipova-Marinova 2007) to more than -20 to -30 m (e.g., Voskoboinikov et al. 
1982, Balabanov 2007). Thereafter, they differ dramatically in the number and amplitude of 
oscillations (“wiggles”) and variations (cf. Fig. 1.2).  
 
Fig. 1.2: Compilation of different sea-level curves for the Black Sea. Older publications (e.g., NEV = 
Nevessky 1970, OST = Ostrovsky et al. 1977, VOS = Voskoboinikov et al. 1982, CHEP = Chepalyga 
et al. 1984) are summarized in the so called Balabanov curve (BAL = Balabanov 2007) the most 
prominent, but not the only modern RSL curve that propagates significant oscillations (e.g., FIL = 
Filipova-Marinova 2007). They conflict with RSL-models of Brückner et al. 2010 (BRÜ), Kelterbaum 
et al. 2011 (KEL) and Fouache et al.2012 (FOU) that indicate a continuous sea-level rise (mean 
values presented here). Own design 2017.  
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The so-called Balabanov-curve, lastly published in 2009 (Balabanov 2009) is based on sev-
eral of these former models and uses their available (uncalibrated) radiocarbon dates (Mar-
tin & Yanko-Hombach 2011). It can be seen as a summary and "consensus-curve" for the 
oscillating RSL. Lately, Bolikhovskaya et al. (2017) distinguish six small amplitude trans-
gressions and seven regressive phases of different magnitudes during the last 7400 years 
in accordance with Martin et al. (2007) and Martin & Yanko-Hombach (2011).  
The Phanagorian Regression is the best known – but also most debated – of these regres-
sive phases. It was first proposed by Fedorov in 1963 who noted a sea-level drop of ~5-6 
m in the Mid-1st millennium BC (Fouache et al. 2012). It is based on the location of archae-
ological remains of the Milesian Greek city of Phanagoria (and other adjacent archaeologi-
cal sites); parts of these settlements lie submerged in the Gulf of Taman (Porotov 2007). 
Though the sea-level curves propagating an oscillating RSL rise reveal a different trend, 
they evoke a significant regression-transgression cycle during the 1st millennium BC (Bala-
banov 2009, Fouache et al. 2012).  
Conversely, there are several publications (e.g., Nevessky 1970, Hiscott et al. 2002; Giosan 
et al. 2009, Brückner et al. 2010, Kelterbaum et al. 2011 & 2012, Fouache et al. 2012) that 
reject (significant) regressive cycles since the reconnection of the Mediterranean and the 
Black Sea via the Bosporus Strait; these authors present evidence for a continuous RSL 
rise instead. They point out that after the reconnection both water bodies must have reacted 
as a communicating system, because the glacio-eustatic effects had been the same (Brück-
ner et al. 2010). No major Holocene regressions are known from the Mediterranean (e.g., 
Marriner & Morhange 2006, Morhange 2005, Vött & Brückner 2006, Brückner et al. 2006, 
Vött 2007, Seeliger et al. 2014) their existence must be doubted for the Black Sea as well. 
Even data from the western part of the Black Sea, in particular the Danube delta, hint at a 
more or less stable sea level (± 1.5 m) during this period (Giosan et al. 2006).  
Studying the Taman Peninsula and the Kuban delta region, which includes the sites of the 
so-called Phanagorian regression, Brückner et al. (2010) and Fouache et al. (2012) discard 
the existence of major RSL fluctuations. Instead they proposed a gradual sea-level rise from 
7 to 6 m below present sea level around 5000 BC to ~2 m b.s.l. around 2000 BC, and a 
continued slow rise until today (Brückner et al. 2010). Were there, however, minor climate-
induced variations (Behre 2003, Leorri et al. 2006), eventually <2 m, as proposed for the 
Colchis region (Dzhanelidze 2007) and for the Thracian Black Sea coast of Turkey (between 
5.4 and 3.5 ka BP; Erginal et al. 2013)? This question is still open, since these variations 
were as yet not found in the Aegean Sea.
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1.1.2 Geoarchaeology in the coastal areas of the Black Sea region 
The number of geoarchaeological studies on the Black Sea region is significantly lower than 
on the Mediterranean Sea. This may be explained by its peripheric position during the an-
tiquity. The Mediterranean, the Roman mare internum, hosts a great number of ancient 
cities, such as Greek, Roman, Egyptian, Phoenician, with a huge potential for geoarchaeo-
logical research (e.g., for Rome [Portus & Ostia]: Delile et al. 2014, Goiran et al. 2014; for 
Alexandria: Flaux et al. 2017; for the Levant: Marriner et al. 2010; for Ephesus: Brückner 
2005, Kraft et al. 2007, Stock et al. 2013, 2016, for Pergamum/Elaia: Seeliger et al. 2013, 
2014, for Miletus lately Brückner et al. 2014). This also holds true for Palaeolithic to Neolithic 
sites as well (e.g., Zielhofer et al. 2008, Linstädter & Kehl 2012; Kehl et al. 2013). Nowa-
days, the Black Sea's location in the periphery of Europe, and its decade-long restricted 
accessibility during the Soviet Period is another reason for the few number of palaeogeo-
graphical and geoarchaeological publications. Plus, many publications were written in Rus-
sian or even in local languages.  
Nevertheless, there is a certain and increasing number of palaeogeographical and geoar-
chaeological studies in the Black Sea region. In particular, several Milesian Greek colonies 
and their hinterlands in the western and northern part have been investigated in recent 
years. A number of studies focussed on the different progradation stages of the Danube 
delta and the environmental impacts for Neolithic to medieval settlements (e.g., Carozza et 
al. 2012, Romanescu 2013) Research on the ancient city of Histria, on the southern margin 
of the Danube delta, and its role as a trading town in the context of spit formation and the 
isolation of the harbour from the open sea can be seen as a good example (Vespremeanu-
Stroe et al. 2013, Romanescu 2014, Preoteasa et al. 2017). Further examples south of the 
Danube delta are the diatom- and chrysophycean stomatocysts-based study of Chalcolithic 
to Early Bronze Age environments at Lake Durankulak (Ognjanova-Rumenova 2008) or 
investigations on coastal changes at the ancient Milesian colony of Appolonia Pontica, the 
present-day Sozopol in Bulgaria (Baralis et al. 2011, Flaux et al. 2016).  
The Taman and Crimean peninsulas, which are separated by the Strait of Kerch, the ancient 
Cimmerian Bosporus, are another Black Sea area where several geoarchaeological studies 
have been carried out. Given that many of the Greek colonies were located on the penin-
sulas' shores (Koschelenko & Kusnetsow 1998) most geoarchaeological studies focus on 
their environs and the resulting interdependencies, e.g. the Dorian Greek colony of Cher-
sonesos (Carter et al. 2000). Furthermore, Kelterbaum et al. (2011, 2012) investigated on 
the Kerch Peninsula, the easternmost part of Crimea and on the Taman coastline changes 
that separated extended embayments and inlets from the open sea. Special attention was 
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given to the ancient Greek colony of Phanagoria due to the so-called Phanagorian Regres-
sion, which was proven to be a wrong concept (Brückner et al. 2010, Fouache et al. 2012). 
Beyond classical Greek sites, some Palaeolithic to Bronze Age sites were investigated un-
der the aspect of land-use changes (Burke et al. 2008), including aspects of pedogenesis 
(e.g. Cordova et al. 2011, Cordova 2016). 
Other than the coasts of Romania and Bulgaria – with a focus on the Danube delta – and 
the Crimean/Taman region, only scattered geoarchaeological investigations have been car-
ried out in the Black Sea region. This is surprising, since there is still a great number sites 
of (geo-) archaeological interest. This holds especially true for the Black Sea coast of Geor-
gia, where until a couple of years ago, very few international projects had been undertaken. 
Beside the Palaeolithic site of Dmanisi (e.g., Gabunia et al. 2000, Lordkipanidze et al. 2007, 
Messager et al. 2009, 2011) some sites in eastern Georgia were investigated (e.g., Hansen 
et al. 2007, von Suchodoletz et al. 2015). The political situation in Abkhazia and, until 2004, 
in Adjara hindered research and limited investigations on several parts of Western Georgia 
only. Since then, some archaeological sites, e.g. Hispani, on the southern part of the Geor-
gian coast, have been the subject of geoarchaeological research (Connor et al. 2007, de 
Klerk et al. 2009, Janelidze & Tatashidze 2010).  
 
1.2 The significance of the Colchian plain’s geo-bio-archives 
The Kolkheti lowlands, or Colchian plain, which equates with the historical region of Colchis, 
is the central part of the Georgian coast. Its topographical location differs from the other 
areas of the Black Sea. Between the ranges of the Greater Caucasus in the north and the 
Lesser Caucasus in the south it is protected against the cold winters of the steppes in the 
north and the Anatolian plain in the south (Eppelbaum & Keshin 2012). This situation makes 
the Colchian plain special for various reasons: 
This topographical situation allowed thermopile species to survive the glacial periods in this 
refuge area. Hence, western Georgia is one of only three areas in western Asia where ter-
tiary relict species survived and can be found through to today (Röhrig 1991, Connor et al. 
2007). While tundra vegetation prevailed during the last glacial maximum (LGM) in most 
parts of Europe, it is assumed that Georgia had deciduous and mixed forests existed (Tar-
asov et al. 2000). Furthermore, the endemic percolation bogs, which can be found in mires 
southeast of Lake Paliastomi, underline the uniqueness of the region (Joosten et al. 2003, 
Haberl et al. 2006).  
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Beside its ecological importance, the Colchian plain stands out with its extraordinary long 
and continuous human occupation. In the adjacent Kura catchment, the oldest hominid re-
mains outside of Africa were discovered at the site of Dmanisi (Gabunia et al. 2000). The 
protected location of the Colchian plain, with its mild climate, has always favoured human 
occupation, and allowed an early transition from hunting and gathering to farming and ani-
mal husbandry societies between 10000 and 9000 BC until the Chalcolithic (Lordkipanidze 
1991, Arslanov et al. 2007).  
Beyond these special characteristics of the region, the Colchian plain is also notable be-
cause of its excellent palaeoenvironmental archives. The strong long-shore drift (Korotaev 
et al. 2003) and meandering rivers with their high sediment supply (Berkun et al. 2015) 
flowing down from the adjacent foothills and the Caucasus ranges created vast lagoons and 
delta fans. Such water bodies, with their gradual infill of fine-grained floodplain sediments 
and peat growth (Chapter 2), are ideal archives for sea-level reconstructions (Haghani et 
al. 2015) and palaeo-environmental research (e.g., for the western Black Sea shores: Gio-
san et al. 2006, for the Caspian: Leroy et al. 2011, for the Aegean: Brückner 2005, Brückner 
et al. 2006). Furthermore, they provide the potential to document the transition from envi-
ronments dominated by natural processes to strongly anthropogenic-influenced environ-
ments (Brückner 2005), whilst also covering geoarchaeological aspects too.  
 
1.3 Objectives of the present study 
As already stated (see Chapter 1.1.2), only very few geoarchaeological and palaeogeo-
graphical studies have been carried out in the coastal lowlands of Georgia, although this 
region is very well suited for this kind of research. The present study aims at filling the gap 
by investigating the evolution of the western Georgian landscape during the Holocene. It 
focuses on landscape formations, changes of the coastline and the environments and the 
vegetation history as well as the human-environment interactions during the last eight mil-
lennia. Three working hypotheses were formulated, which are subdivided into five research 
goals. 
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Working hypothesis 1: Georgia's coastal areas underwent significant landscape 
and environmental changes during the Holocene. 
Goal 1: Reconstructing the Holocene evolution of the coastline and its hinterland in 
the Kolkheti lowlands.  
Coastal wetlands serve as excellent geo-bio-archives to decipher palaeoenvironmental 
changes (e.g., Arslanov et al. 2007, Leroy et al. 2013, Seeliger et al. 2013, Stock et al. 
2013, 2016, Pint et al. 2015). Against the background of sea-level rise, a significant coast-
line change and subsequent transformation of vast areas in the hinterland can be assumed. 
Therefore, this research is in particular regarding the evolution of sand spit complexes and 
the advance of the Rioni and Supsa deltas. By using granulometric, geochemical and other 
methods different environments can be identified (cf., Brückner & Gerlach 2011). Radiocar-
bon- and luminescence-dating littoral and aeolian sediments are tools to establish a geo-
chronology for the palaeogeographical evolution of the Kolkheti lowlands. 
 
Working hypothesis 2: Landscape change was strongly influenced by the Holo-
cene sea-level transgression. 
Goal 2: Establishing a Holocene sea-level curve for the Georgian Black Sea coast  
The Holocene sea-level rise played an essential role in the evolution of the Black Sea, es-
pecially against the background of the reconnection between the Black Sea and the Medi-
terranean (e.g., Ryan at al. 1997, Ryan 2007). This is a central aspect of the Holocene 
landscape change. In comparison to other studies in the Ponto-Caspian region (e.g., 
Georgievski & Stanev 2006, Giosan et al. 2006, Brückner et al. 2010, Fouache et al. 2012, 
Kelterbaum et al. 2012), reliable data on the sea-level evolution of the Eastern part of the 
Black Sea do as yet not exis. Therefore, a Holocene sea-level curve shall be established in 
the framework of this PhD thesis, and compared and contrasted with other data for the 
Black Sea area. 
Goal 3: Evaluating the scenarios for the Holocene RSL evolution for the Georgian 
coast: the scenario with major oscillations and the scenario of a continuously  
rising RSL.  
While several authors continue to defend the theory of an oscillating sea-level history for 
the Black Sea (e.g., Balabanov 2007, 2009, Chepalyga 2007; Yanko-Hombach et al. 2007), 
others disproved the existence of significant historic regressions and suggest a continuous 
sea-level rise instead (e.g., Giosan et al. 2006; Brückner et al. 2010, Kelterbaum et al. 2012; 
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Fouache et al. 2012). This PhD thesis will contribute new data to this debate from the as 
yet unexplored Georgian coast.  
 
Working hypothesis 3: The palaeoenvironmental changes influenced the human 
settlement activities. 
Goal 4: Investigating the Colchian settlement mounds. 
Based on the assumption that the territory of Georgia was continuously settled during the 
Holocene (Kohl 2001, Fähnrich 2010) numerous settlement mounds, locally named 
Dikhagudzuba (Lordkipanidze 1991, Gamkrelidze 2012), testify to early settlement activity. 
Their spatial distribution and possible dependencies on distinct landscapes shall be inves-
tigated. Furthermore, it is of great interest to understand how these settlements affected the 
environment (e.g., Turney et al. 2005, Oonk et al. 2009). 
Goal 5: Reconstructing the chronostratigraphy of the Colchian settlement mounds. 
Due to the lack of detailed archaeological investigations as well as numerical age estimates, 
the precise stratigraphy and age of the settlement mounds is as yet unknown. Therefore, a 
chronostratigraphy based on archaeological finds and radiocarbon ages shall be estab-
lished to estimate the chronology of the mounds' construction and the time span of their 
use. 
 
1.4 Research design and applied methodology  
The palaeogeographical and geoarchaeological research conducted in this PhD thesis in-
vestigates the Holocene landscape evolution of the Colchian plain, in particular in the envi-
rons of the Supsa and Rioni deltas and the environs of the Bronze age settlement mounds 
close to the villages of Ergeta and Orulu. The research follows the geoarchaeological ap-
proach outlined by Brückner & Gerlach (2011). Beside geoscientific field work and labora-
tory work, it uses information rendered by historical sources, (historic) maps and digital im-
age material (satellite images, areal images, photogrammetry) as well as remote sensing 
techniques (Fig. 1.3).  
 
1.4.1 Field work 
During this project three fieldwork campaigns were carried out. The first took place in Octo-
ber 2013 and focussed mainly on familiarizing ourselves with the research area, surveying 
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and vibracoring in the areas south of the Rioni and in the Supsa area. The second phase 
of fieldwork in March 2014 enlarged the investigated area by the swampland and beach 
ridges, between the Rioni and Khobistskali, while concluding fieldwork in March 2015 ex-
panded further north to the settlement mounds of Orulu und Ergeta. 
 
Fig. 1.3: Research design of the study (own design 2017). 
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The fieldwork of every campaign included on-site surveys to identify different archives and 
locate possible settlement locations, e.g. in the Rioni region Greek or Roman remains of 
the lost city of Phasis, or of settlement mounds in the northernmost part of the research 
area. The latter were identified in satellite images (Google Earth images, © 2014 Digital 
Globe) and described in archaeological sources (e.g., Lordkipanidze 1991; Tsetskhladze 
1997; Gamkrelidze 2012). Unfortunately, there are no known archaeological remains that 
unequivocally prove the location of Phasis, but several hypotheses exist (cf., Gamkrelidze 
2012, Licheli 2016).  
The stratigraphic analysis and geochemical interpretation derives from sediment cores, 
which were taken using a Cobra TT (Atlas Copco) percussion coring device. Half-open 
cores of 6 and 5 cm diameters were retrieved using a hydraulic leverage device. A maximum 
depth of 12 m below surface (b.s.) was achieved. 
In the field, the core analysis consisted first in the description of sediment texture and colour 
(with Munsell Soil Color Charts©). The carbonate content was tested (using hydrochloric 
acid [HCl], 10 %) and a preliminary distribution of the different layers established. Samples 
were taken from sedimentary units and special attention was given for organic material that 
could be used for radiocarbon dating and archaeological findings. The elevation of the sed-
iment cores and topographical transects was measured using a Topcon Hiper V DGPS with 
a 3D resolution of 2 cm.  
For the settlement mound Ergeta 1 close-range aerial photogrammetric images were taken 
using a Nikon Coolpix camera with 16 MP 1/2.3" CMOS to create a digital surface model 
(DSM) and a RGB orthophoto-mosaic via the Structure-from-Motion (SfM) technique (Wes-
toby et al. 2012).  
Additionally, several sediment cores were taken in closed tubes for a high-resolution anal-
yses in the laboratory. Furthermore, excavation pits were dug at the beach ridges north of 
the Rioni delta (Chapter 2) and samples for luminescence dating were taken from the 
opened sediment profiles in opaque plastic tubes for further treatment in the Cologne Lu-
minescence Laboratory (CLL). 
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1.4.2 Sedimentology and geochemistry 
In order to unravel the sediment provenance and depositional processes in the different 
areas of the Colchian plain, samples were analysed in the Laboratory for Physical Geogra-
phy (University of Cologne). All samples were oven dried at 40 °C for 48 h, sieved using a 
<2 mm mesh, and gently pestled by hand for aggregate disintegration.  
The analyses of the grain-size distribution were conducted using a Laser Diffraction Particle 
Size Analyzer (LS 13320 Beckmann CoulterTM). To remove the organic matter the samples 
were pre-treated with hydrogen peroxide (H2O2 15 %) and subsequently with sodium pyro-
phosphate (Na4O7P2, 46 g/l) to avoid coagulation. Each sample was measured three times 
using the optical Fraunhofer model. The data evaluation is based on Folk & Ward (1957), 
calculated using GRADISTAT software version 8 (Blott & Pye 2001).  
Furthermore, selected samples from the sandy layers in the Supsa area were analysed for 
their grain-shape parameters using a Retsch CAMSIZER® P4. The <63 µm fraction was 
separated from the coarser material which was measured in 52 channels up to 22.4 mm to 
define roundness, sphericity and elongation by using the principle of dynamic image analy-
sis (ISO 13322-2). The results were calculated using the software CAMSIZER® 4.4.1. 
In addition to the granulometry, different geochemical parameters were measured. Two dif-
ferent methods for the estimation of organic matter were used: (i) Loss on ignition (LOI) was 
determined to estimate the organic matter content by oven-drying 5 g of sample material at 
105 °C for 12 h and ignition in a muffle furnace (Carbolite ELF) at 550 °C for 5 h (Barsch et 
al. 2000; Heiri et al. 2001); (ii) C/N ratios and total organic carbon (TOC) were estimated 
using the method described by Meyers & Teranes (2001). The sample material was homog-
enized, weighed out into tin boats and subsequently determined on duplicate powdered 
samples using a Vario EL Cube (Elementar Analysensysteme GmbH, Hanau, Germany). 
In a second aliquot of each sample, CaCO3 was dissolved with 10 % HCl, before TOC was 
determined.  
Further, X-ray fluorescence (XRF) analyses were performed to estimate the element con-
centrations. Homogenized material was pressed into 2-mm-thick pellets, and measured with 
a portable XRF analyser (NITON XL3t). Each sample was measured three times in mineral 
mode for 160 sec to cover all possible filter options with an adequate time span. In the case 
of the sediment core KUL 13 XRF data was determined by using a Itrax Core Scanner (Cox 
Analytical Systems, Sweden; Croudace et al. 2006) to obtain a 2 mm resolution. In addition, 
selected samples were analysed for their mineral composition by X-ray diffraction (XRD). 
Therefore the homogenised samples were placed on a PVC slide and measured in a Pow-
der X-Ray Diffractometer (Siemens D 5000) with a fixed focal distance of 0.5 mm at 5-75° 
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2Θ in 0.05° steps and 10 sec per degree (Cu-K-alpha radiation source, operated at 40 keV 
and 40 mA). The data were analysed using the DiffracPlus EVA software package (Bruker 
AXS, Berlin, Germany).  
Magnetic Susceptibility (MagSus) measurements were performed by using a Bartington 
MS2B sensor. 
1.4.3 Geochronology 
To establish a chronostratigraphy numerical dating methods are indispensable. Therefore, 
organic material was extracted for radiocarbon dating. The samples were dated at the 
14CHRONO Centre, Queens University Belfast, Northern Ireland, UK and the Centre for 
Accelerator Mass Spectrometry of the University of Cologne (CologneAMS). All ages were 
calibrated using Calib 7.1 (calibration data set: intcal13.14c; STUIVER & REIMER 1993, 
REIMER et al. 2013). An age-depth model was calculated for the sediment core SUP 4 with 
the R-based package Bacon 2.2 (BLAAUW & CHRISTEN 2011).  
To understand the chronology of the beach ridges north of the Rioni delta, samples were 
dated using luminescence dating techniques. Though quartz is commonly used to date Hol-
ocene deposits due to its stable signal with optically stimulated luminescence (OSL), infra-
red stimulated luminescence (IRSL) on potassium-feldspars were preferred here because 
of the inappropriately low signal intensities of the quartz. The measurements were carried 
out using the single aliquot regenerative dose protocol (SAR) after Murray and Wintle (2000, 
2003) and Wallinga et al. (2000) and the annual dose rate was determined by laboratory 
high-resolution γ-spectrometry. The software DRAC v 1.1 by Durcan et al. (2015) was used 
to calculate final burial ages of the littoral samples. 
 
1.4.4 Outline of the study 
After a presentation of the project, the research aims, methodology and study area in this 
introductive Chapter 1, the single aspects of this research shall be presented. 
Chapter 2 presents the palaeoenvironmental reconstruction of landscape changes that took 
place in the Mid- to Late Holocene in the surroundings of the Rioni delta. It focuses on the 
interplay between the spit system at the shoreline and the delta evolution of the Rioni in the 
context of the Holocene sea-level rise. During this study, different environments were clas-
sified to determine the landscape changes, in particular the silting of vast lagoons in the 
hinterland. To integrate these processes into a broader a chronostratigraphy, samples were 
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14C dated; IRSL dating provided a chronological framework for aeolian landforms and pro-
cesses. These results have been published in Quaternary International (Laermanns et al. 
2017a).  
Chapter 3 focuses on the geoarchaeology of the human occupation of the Colchian plain, 
in particular the settlement mounds (locally named Dikhagudzuba) which occur especially 
in the northern part of the study area and have not been studied from this perspective so 
far. Compared with other anthropogenic dwelling forms they are notable due to their rather 
small size and grouped occurrence. The study (to be published in Geoarchaeology, Laer-
manns et al. 2017b) provides new data on their chronostratigraphy, information on their time 
of foundation and occupation as well as palaeoenvironmental data.  
Chapter 4 deals with the southernmost part of the Colchian plain where the morphology of 
the Supsa delta fan varies from the other river mouths further north. By means of geochem-
ical and sedimentological parameters different source areas and depositional facies could 
be determined. Sporadic evidence for human settlement were also discovered and fit into 
known settlement patterns from adjacent regions (e.g., de Klerk et al. 2009). The results of 
these investigations were submitted to Eiszeitalter & Gegenwart - Quaternary Science Jour-
nal. 
Chapter 5 discusses the diverse results with respect to the working hypotheses listed. Fi-
nally, Chapter 6 provides a conclusion and cumulative outlook on the results of this PhD 
thesis. 
 
1.5 The study area 
1.5.1 Physical setting  
The research area is situated in the Colchian plain, a triangular shaped coastal plain in the 
west of Georgia that is located between the slopes of the Greater Caucasus in the northeast 
and the Lesser Caucasus in the south. While the Black Sea forms its western limit, the Likhi 
range that connects both the Caucasus ranges forms the easternmost border of the plain 
and delineates the watershed between the Rioni catchment and the Kura catchment which 
discharges into the Caspian Sea (Eppelbaum & Keshin 2012).  
The Colchian plain is, like the whole of Georgia, located in the active convergence zone 
between the Arabian and Eurasian plate that is triggered by the northward drift of the former 
one (Dhont & Chorowicz 2006). Though the convergence on the Colchian plain is, in con-
trast to the eastern parts, rather small, it still persists along the Adjara-Trialeti Thrust Belt  
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Fig. 1.4: Digital Elevation Model (DEM) of the research area (based on ALOS World 3D with 30 m 
resolution [AW3D30]). Large parts of the plain are situated only on low height above the sea level. 
The elevations standing out in red colour east of Lake Paliastomi are caused by the woodland since 
this DEM doesn't exclude the region's vegetation (design: Laermanns & Verheul 2017).  
 
(ATTB) in the south and the Chaladidi-Tsaishi Thrust (CTT) in the north (Adamia et al. 2008, 
2011, Forte et al. 2014) with ca. 2 mm per year (Avdeev & Niemi 2011, Yılmaz et al. 2013). 
Though it is a collision zone, the Colchian plain is influenced by tectonic subsidence. How-
ever, subsidence rates of 2-4 mm/a for the central Colchian plain and 5-6 mm/a for the area 
around Poti, near the outlet of the Rioni, as proposed by Gamkrelidze (1998) appear to be 
overestimated (Chapter 2). 
The geology of the Colchian plain differs from the Caucasus mountains. While the Greater 
Caucasus is a polycyclic, folded-nappe formation (Okrostsvaridze et al. 2016) and consists 
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of a Pre-Alpine crystalline basement complex and a younger cover of Mesozoic to Neogene 
ophiolithes, (marine) sedimentary and volcanic rocks, the Lesser Caucasus inherits addi-
tional andesitic pyroclastica and effusiva (Mitchell & Westaway 1999) and  
granites and gneiss intrusions (Yılmaz et al. 2013). In contrast, the Colchian plain is primar-
ily covered by Cretaceous and Palaeogene sediments and volcanoclastics (Bazhenov & 
Burtman 2002). On top, Quaternary molasses and river terraces of eroded material from 
the surrounding mountains and their foothills have been deposited (Adamia et al. 2011).  
The topography of the Colchian plain is dominated by these fluvial deposits that formed flat 
areas full of vast swamps, peat bogs, shallow lakes, open reed areas and forests. The soils 
evolved on the alluvial substrate are mainly semi-terrestrial soils, e.g. gleys while on the 
foothills fertile krasnozems and leached podzols are found (Connor et al. 2007).  
Today, four major rivers, the Enguri, Khobistsqali, Rioni and Supsa (North to South), con-
tribute most of the water and sediment supply to this system. While the former three draw 
their source in the Greater Caucasus, the latter originates from the Lesser Caucasus. Of all 
the Georgian rivers that discharge into the Black Sea (total discharge: 45.7 km³/a), the Rioni 
represents the largest catchment, draining an area of around 13400 km² with a water dis-
charge of 13.38 km³/a (Berkun et al. 2015). Even though the suspended sediment load has 
been impeded by the construction of hydroelectric power stations and reservoirs since 
1933, the Rioni still transports 6.02 x 106 t/a to the Black Sea, providing 8 % of its total 
sediment input (Berkun et al. 2015). In contrast, the far smaller second biggest Supsa River 
covers a catchment area of ca. 1100 km² and discharges a sediment load of 0.246 x 106 t/a 
into the Black Sea (Berkun et al. 2015). 
In combination with high annual precipitation (>2000 mm/a in the south and 1500 mm/a in 
the north) and average annual temperatures of 14°C without regular winter frosts (Box et 
al. 2000, Denk et al. 2000, de Klerk et al. 2009) extensive wetlands formed on the Colchian 
plain. The vegetation is characterized by a great diversity, including over 50 arboreal spe-
cies and more than 450 endemics, i.e. several Tertiary-relict plants and endemic peat evo-
lution (Denk et al. 2001, Connor et al. 2007). The percolation peat bogs that occur east of 
Lake Paliastomi are mainly formed of Sphagnum imbricatum, S. papillosum, S. palustre, S. 
rubellum and moor-grass. They rise slightly above their surroundings and are of even sur-
face indicating the absence of surficial lateral water flow (Joosten et al. 2003, Couwenberg 
& Joosten 2005). The mixed forests are characterized by evergreen understoreys, i.a. 
Buxus colchica, Laurocerasus officinalis, Ruscus aculeatus, R. hypophyllum, Ilex colchica, 
etc. (Nakhutsrishvili 1999, Denk et al. 2001, Connor et al. 2007) and dominate the neigh-
bouring foothills as well (Box et al. 2008).  
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The anthropogenic impact on the region's topography and ecology is clearly visible. In par-
ticular, the course of the Rioni has been artificially reshaped since the beginning of the 20th 
century. The river mouth has shifted away from Poti to the north where it has built the recent 
delta (Figs. 1.4, 1.7 & 2.1B). Due to the increasing silting of the city's harbour, an additional 
smaller river branch was relocated to the south to maintain the harbour's function. While 
several tributaries of the Rioni still run in braided beds (e.g., Tekhuri River) the main course  
  
Fig. 1.5: Photos of the research area: The original landscape is characterized by open forests and 
swamp forests, e.g., in Area 2 at the site of sediment core KUL 12 (A) that forms in some parts like 
the Pichora River in Area 3, an impenetrable brush (B). Nowadays horticulture and agriculture cover 
the region to a great extent as seen from the foothills close to the town of Khobi in area 1 (C) and 
the town of Supsa in area 3 (D). Especially there, on the Supsa fan the extensive ridge-and-furrow 
drainage system dominates the landscape (D & E). In contrast, large parts of the beach ridge on the 
coastline are covered by planted pine forests (F). (Photos: Laermanns & Kelterbaum, 2013-2015).  
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is dyked or a parallel navigation channel has been constructed. Furthermore, great tracts 
of the plain have been drained and cultivated. Particularly along the rivers, and in front of 
the southern foothills, natural swamp areas with reed or open forests were replaced by 
farmland and horticulture (Connor et al. 2007, de Klerk et al. 2009) characterized by drain-
age ditches and ridge-and-furrow fields (Nikolaishvili et al. 2015). Still, there are great parts, 
in particular east of Lake Paliastomi and between the Rioni and Khobistskali Rivers that 
have remained almost untouched. In large parts, these areas are protected because they 
fall within the Kolkheti National Park (Nikolaishvili et al. 2015).  
However, an increasing problem is the environmental pollution of the rivers and the adjacent 
areas. Both, the Rioni and Supsa delta regions are the most polluted areas of the Georgian 
Black Sea coast (Soligo & Myers Jaffe 2002, Janelidze & Tatashidze 2010). Regarding the 
Rioni, this is caused by the important harbour of Poti (recently a free trade zone under 
construction) and by industry and household wastes within the Rioni catchment, particularly 
the city of Poti. Furthermore, agriculture and mining in the hinterland of both rivers has 
caused severe pollution and, finally, the oil terminal of the Baku-Supsa pipeline close to the 
Supsa River mouth is one of the main sources of this pollution (Soligo & Myers Jaffe 2002, 
Kvinikadze et al. 2014).  
 
1.5.2 Archaeological background 
Due to its protected location between the Caucasus ridges and the resulting mild climate 
conditions, western Georgia has witnessed a very long and continuous occupation. These 
favourable circumstances were conducive to an early transition from a society based on 
hunting and gathering to farming and animal husbandry taking place from early Neolithiza-
tion between 10000 and 9000 BC until the Chalcolithic (Lordkipanidze 1991, Arslanov et al. 
2007, Fähnrich 2010). While in eastern Georgia, the oldest settlement date at least to the 
6th millennium BC (Hansen et al. 2007), the oldest known sites in the Kolkheti lowlands are 
slightly younger resulting from the continuing sea-level rise and the limitation of  
habitable areas. Some early occupation sites might also be buried under the alluvions, 
which is frequently the case in deltaic systems e.g., studied in the Nile delta (Hassan 1986, 
2010), Greece (Soter & Katsonopoulou 2011) or the Danube delta (Carozza et al. 2011). 
The two oldest known settlements, Ispani, close to the town of Kobuleti (Connor et al. 2007, 
de Klerk et al. 2009, Papuashvili & Papuashvili 2014), and Ontskoshia, close to Anaklia 
(Janelidze & Tatashidze 2010) date back to the transition between the Chalcolithic and the 
Early Bronze Age in the mid-3rd millennium BC (Lordkipanidze 1991) and are located 1-2 
km from the present shoreline.  
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During the Early Bronze Age, the area witnessed a cultural diversification. Meanwhile in 
eastern Georgia, several cultures superseded each other, e.g., Mtkwari-Araxes or Kura-
Araxes culture, Trialeti culture and in the Iron Age the Iberian culture (Greppin 1991, Kohl 
2001), the Chalcolithic culture of western Georgia persisted and evolved into the Colchian 
culture without any sudden changes. Its territory covered the Kolkheti lowlands and the 
adjacent foothills. There, villages occurred along the coast and rivers as well as grouped 
settlement mounds with wooden housings in swampy areas in between (Lordkipanidze 
1991, Tsetskhladze 1997, Sens 2009, Fähnrich 2010).  
The Colchian culture formed a stable state at least since the 8th century BC and enjoyed its 
acme between the 6th-4th century BC (Fig. 1.6). According to Xenophon (Anabasis, V, VI, 
37) it was ruled by the Aeëtides' dynasty, that referred themselves to the mythological king 
Aeëtes (Braund 1994). Though the region had been known since Mycenaean Greeks' spo-
radic explorations in the late 2nd to early 1st millennium BC, intensive trade contact with the 
ancient Greek world did not evolve until Milesian Greeks founded several colonies from the 
8th century BC onwards along the Colchian coast. The most famous of these are Dioscurias  
 
Fig. 1.6: Overview of the history of ancient Colchis (own design 2017). 
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(referred to the recent Sukhumi in the separatist Republic of Abkhazia) and Phasis (referred 
to the Rioni delta region and the city of Poti; Lordkipanidze 1991, Sens 2009).  
The first contacts of Mycenaean Greeks are reflected in the myth of the Argonauts. On this 
mythical and adventurous journey of the Greek hero Jason and his companions, the Argo-
nauts, named after their ship Argo, embark for the Kingdom of Colchis on their quest to find 
the "Golden Fleece". Though the oldest sources of this extremely popular and famous liter-
ary subject is Homer's "Odyssey" (XII, 70; 8th-7th century BC) the epic poem "Argonautica" 
(Greek: Ἀργοναυτικά) by Apollonius Rhodius in the 3rd century BC is seen as the most im-
portant version of this myth (Okrostsvaridze et al. 2016). Furthermore, the saga was re-told 
by Gaius Valerius Flaccus in the 1st century AD and its continuation focussing on Jason and 
his Colchian bride Medea is the subject of Euripides' 5th century BC tragedy "Medea" 
(Okrostsvaridze et al. 2016). The interpretation of the Golden Fleece, the central subject of 
the Argonauts' desire remains disputed. While some link it to sheep skins which were used 
for the extraction of gold, as described by Strabo, book XIII, Pliny the Elder and Appian of 
Alexandria, praising the gold and silver richness of the Colchian rivers (Okrostsvaridze et 
al. 2016), others see it rather as a symbol for the wealth of the Colchis in general (Braund 
1994). 
From this era of Colchian Kingdom manifold archaeological evidence document the devel-
opment of its culture and the intensive trade contact with the Greek world. Though there are 
more than 30 settlement mounds known in Colchis, the number of bigger discovered set-
tlement remains is rather small. Instead, many fine metal works contesting the great Col-
chian artistry were preserved in graves (for the research area e.g., in Ergeta [Area A] and 
Ureki [Area C]; Miron & Orthmann 1995). Within the research area, several archaeological 
sites are known as well. Whole 4th to 3rd century BC amphorae and fragments from Heraclea 
Pontica and Sinope were found between the village Maltakva and the Supsa River mouth 
as well as slightly younger Colchian amphorae (2nd to 1st century BC) (Sadzradze 1999). A 
huge variety of fine Bronze works from axes to horse figures were found in Ergeta (Area A) 
and Ureki (Area C) (Miron & Orthmann 1995, Gamkrelidze 2012). On the northern edge, the 
early Bronze age settlement of Ontskoshia is known through excavation (Janelidze & Tata-
shidze 2010). However, the location of the most celebrated site, that of Phasis, remains 
unknown despite numerous theories and surveys (e.g., Lordkipanidze 2000, Gamkrelidze 
2012, Licheli 2016). A Roman fort (smaller but probably comparable to the well preserved 
fort of Apsaros in Gonio, close to the Turkish border; cf. Plontke-Lüning 2007, Mamumladze 
et al. 2014) is still often discussed as a possible location for ancient Phasis. The ruins were 
located between the Rioni and Lake Paliastomi (Area B) fulfilling the location description of 
various authors such as Pliny the Elder etc. (Dubois de Montpéreux 1842, Lordkipanidze 
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2000, Licheli 2016) that existed until the 1960s. It was stripped down in course of the con-
struction of the airport that closed down in the 1990s and today there is no evidence of any 
construction. 
During the late 2nd to early 1st century BC the Kingdom of Colchis came under the increasing 
influence of the Kingdom of Pontus. In 65 BC, Colchis was devastated by Pompey in the 
course of his Georgian campaign during the 3rd Mithridatic War. After the defeat of the Pon-
tic king Mithridates VI Eupator in 63 BC it was integrated into the Roman Empire, at first as 
a client state and later turned into the province Lazica (Lordkipanidze 1991, Rayfield 2013). 
It remained under Roman/ Byzantine rule despite several Persian invasions until the con-
quest by Arab tribes in the 7th century AD (Braund 1994, Fig. 1.6) and was (perambulated 
and) described by several Greek and Roman authors such as Herodot and Hippocrates 
(both 5th century BC), Pseudo-Scylax (4th century BC), Pseudo-Scymnos (probably 2nd/1st 
century BC), Strabo (1st century BC/AD), Arrian and Pliny the Elder (both 1st century AD) 
etc. (Gamkrelidze 1992, 2012, Jouanna 1996, Lordkipanidze 2000, Korenjak 2003, Dan 
2014, 2016). 
 
1.5.3 Geography of the study area: research sites and situation 
The study area comprises three subunits in the central part of the Colchian plain. They 
string along the Black Sea coast from the Enguri River in the north, that builds the demar-
cation line to the separatist Republic of Abkhazia, to the point where foothills of the Lesser 
Caucasus reach close to the shore in the south (Fig. 1.7).  
The northernmost Area A southeast of the town Anaklia covers mostly agri- and horticultural 
areas in the surroundings of the two villages Ergeta and Orulu, where several settlement 
mounds were localized (Chapter 3, Fig. 3.1). The area is characterized by small-scaled 
(provide some spatial dimensions in metres) fields and gardens that are subdivided by a 
close-meshed drainage system. Furthermore, it is comparably densely settled and the vil-
lages consist of scattered farms, so it is not easy to delimit them.  
Area B is limited to the north and to south by the two rivers Khobistskali and Rioni (with one 
exception being the sediment core SHAV 2, close to the village of Shavreli on the southern 
bank of the Rioni). The western limitation forms the Black Sea shore while the easternmost 
point is marked by the sediment core KUL 11, close to the road that leads from Tchaladidi 
north to Kulevi and Khobi (Chapter 2, Fig. 2.1B). Within Area B there are only few settle-
ments around Tchaladidi and on the southern bank of the Rioni. Apart from the areas close 
to the main roads and rivers there are hardly any drainage constructions except for the 
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visible larger channels dug through the swamp. In large parts, it consists of natural swamp 
areas dominated by reed and scattered forests. The coastal strip is formed by a sequence 
of beach ridges that rise some meters above the flat swamp of the hinterland. It is overgrown 
with (planted) pine trees and scrubs turning into scattered marram grass towards the beach. 
 
Fig. 1.7: Study area. Three areas can be subdivided. Area A contains about two dozens of settle-
ments mounds where of three were investigated (Chapter 3). Area B covers the swamp lands be-
tween the Khobistskali and Rioni Rivers (Chapter 2). Area C is located south of Lake Paliastomi 
(Chapter 4). Figure based on: ASTER Digital Elevation Model, Shaded Model, design: Laermanns & 
Krikitadze 2017.  
 
The third area (Area C) is located at the southern edge of the research area from the sea 
shore around the Supsa River mouth in the west to the eastern edges of the Supsa fan 
(Chapter 4). With the foothills of the Lesser Caucasus as the southern limitation, the ele-
vated Supsa fan with its drained farmland and the Pichora River as the northern outlier it 
contains the most diverse topography and vegetation of all the research areas (Fig. 4.1). 
The banks of the Pichora, that discharges into Lake Paliastomi, are almost untouched and 
overgrown by dense evergreen subtropical forest. In contrast, the small town of Supsa is 
more densely arranged than the other settlements further north and the surrounding fields 
and meadows are used more intensely.  
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Abstract 
The Kolkheti lowlands (Colchis, Colchian plain) form the central part of the extensive coastal 
lowlands along the Black Sea coast of Georgia. Situated between the Greater and the 
Lesser Caucasus, favourable climatic conditions resulted in a constant human occupation 
of the region during the Holocene. However, due to continued deltaic sedimentation and 
alluviation of the river Rioni, the configuration and the environmental conditions of the coast 
and its hinterland have changed considerably; this was related to sea-level fluctuations of 
the Black Sea and variation of the sediment supply. This study presents new data on the 
Holocene coastal evolution of Western Georgia. Based on the geochemical and sedimen-
tological analysis of sediment cores and trenches from the northern part of the Kolkheti 
lowlands, between the Black Sea and the rivers Rioni and Khobistsqali, and a robust chro-
nology (14C and IRSL dating), our goals are (i) to document the chronostratigraphy along 
two coring transects; (ii) to decipher geographical and environmental changes along Geor-
gia’s Black Sea coast; and (iii) to trace the sea-level evolution of the study area. Based on 
the succession of eight facies, representing different depositional environments, our results 
suggest that significant environmental changes took place throughout the last eight millen-
nia. At least since 5000 cal BC, the sedimentary record indicates the widespread existence 
of shallow lagoons. Floodplain-related fine-grained alluvium accumulated on top of the la-
goonal stratum. The progradation of the delta plain between 3500 and 1500 cal BC was 
accompanied by the evolution of extensive swamps with peat formation. The data indicate 
a gradual and moderate sea-level rise since ~6000 BC. Ultimately, this and follow-up stud-
ies may provide a valuable background for the understanding of the palaeogeographical 
context of ancient settlements in the area. 
Keywords 
Rioni, Black Sea, sea-level rise, Colchis, IRSL, beach ridges  
Published 2018 in Quaternary International 465, 85-98.  
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2.1 Introduction 
With an area of ca. 412,000 km2 and a maximum depth of 2212 m the Black Sea is the 
largest anoxic water basin in the world (Degens and Ross, 1972). It is connected to the 
Mediterranean via narrow and shallow straits (Bosporus, Dardanelles). Over the last millen-
nia, the Black Sea has been subject to substantial environmental changes. In effect, from a 
giant freshwater lake during the Last Glacial Maximum (Panin and Popescu, 2007) it 
evolved to its present state of salinity and sea level. While some authors have evoked for 
remarkable oscillations of the postglacial sea-level rise (e.g. Ryan et al., 1997, 2003; 
Chepalyga, 2007; Yanko-Hombach et al., 2007; Balabanov, 2007), a number of follow-up 
studies reasonably challenged this interpretation by presenting new data on the Holocene 
sea-level evolution (cf. Brückner et al., 2010; Fouache et al., 2012; Kelterbaum et al., 2012). 
Recent studies have particularly focused on the northern and western parts of the Pontic 
region (e.g. Panin and Popescu, 2007; Carozza et al., 2012; Cordova et al., 2011). In con-
trast, the eastern Pontic region has been neglected so far, although extensive lowlands 
exist, for instance along the Black Sea coast of Georgia. Here, protected between the 
Greater and the Lesser Caucasus, human occupation is evidenced in the so-called Colchian 
plain (Colchis) at least since the Late Chalcolithic and Early Bronze Age (Lordkipanidze, 
1991; Papuashvili, 2002). In addition, as part of ancient Colchis, the famous Greek colony 
of Phasis is assumed to be located in the area of the present Rioni delta (Gamkrelidze, 
1992, 2012; Lordkipanidze, 2000; Korenjak, 2003), although remnants of the city have hith-
erto not been discovered, and its exact position is unknown (Lordkipanidze, 1991; Gamkreli-
dze, 2012). The lack of studies focusing on coastal evolution, sea-level and environmental 
changes, particularly against the background of the continuous occupational history in 
Western Georgia (Gamkrelidze, 2012), demands an intensification of research activities in 
this area. 
This paper contributes to fill knowledge gaps by adding new information on Holocene envi-
ronmental changes in the Kolkheti lowlands, which constitute the central part of the Colchian 
plain. Based on eleven sediment cores, two sediment trenches, detailed sedimentological 
and geochemical analyses, as well as radiocarbon and infrared stimulated luminescence 
(IRSL) dating, our study presents the first systematic geoscientific investigation of the said 
coastal lowlands. More specifically, we aim at (i) documenting the chronostratigraphy be-
tween the Rioni and Khobistsqali rivers along two coring transects; (ii) deciphering palaeo-
geographical and palaeoenvironmental changes along the Georgian Black Sea coast and 
its hinterland; and (iii) reconstructing the sea-level evolution for the study area, and com-
paring it to other regional studies. Finally, this study represents a valuable background for 
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the interpretation of (future) local to regional archaeological studies, e.g. on the identification 
of appropriate locations for the ‘lost city’ of Phasis. 
 
 
Fig. 2.1: Overview of the research area with location of coring sites and trenches. They are arranged 
in transects A (blue line) and B (yellow line). Prominent features are the areas of agricultural use on 
the levees of the rivers Rioni and Khobistsqali. They are in great contrast to the open grasslands, 
peat bogs and swamp forests. Figure based on Esri basemap and www.naturalearthdata.com. 
   Chapter 2 
26 
 
2.2 Regional setting 
2.2.1 Geological and geomorphological framework 
The triangle-shaped Colchian plain (Fig. 2.1) is framed by the Black Sea in the west, the 
Greater Caucasus in the north and the Lesser Caucasus in the south. Both mountain ranges 
formed during the Alpine orogeny as a consequence of continent-continent-collision starting 
in the middle Pliocene (e.g. Adamia et al., 2011). They consist of Mesozoic to Neogene 
igneous and sedimentary rocks and, especially in the Lesser Caucasus, of Miocene to Qua-
ternary volcanic rocks. In the east, where both mountain ranges meet, the Surami range (or 
Likhi range) separates the Colchian plain from the Kura basin, which drains into the Caspian 
Sea. The geologic basement of the Colchian plain mainly consists of Cretaceous and Pal-
aeogene sediments and volcanoclastics (Bazhenov and Burtman, 2002). These strata are 
overlain by Quaternary strata, which were deposited by fluvial and marine processes (Ada-
mia et al., 2011). The Colchian plain is influenced by tectonic subsidence. Gamkrelidze 
(1998) estimates subsidence rates of 2-4 mm/a for the central Colchian plain and 5-6 mm/a 
for the area around Poti near the outlet of the Rioni. 
While foothills of both mountain ranges reach the Black Sea coast south of Kobuleti and 
north of Ochamchire, respectively, the floodplain of the Rioni dominates the Kolkheti low-
lands. With a catchment area of 13,400 km2 it is the largest river of Western Georgia. Most 
of its tributaries originate in the Greater Caucasus and dissect extensive foothills before 
entering the coastal lowlands. Here, expanded wetlands with peat bogs, ponds, open reed 
areas and low forests dominate; agricultural activities are impeded by the high water-table 
position. However, drainage measures and ridge and furrow-systems enable agriculture 
between and along the two rivers (Nikolaishvili et al., 2015). 
At the coast, the Rioni has formed a wave-dominated delta (Fig. 2.1), where longshore drift 
rapidly redistributes the mostly sandy sediments along the graded shoreline. The flat and 
wide beaches are backed by beach-foredune ridges, which are occasionally covered by 
pine forests. The main estuary of the Rioni, formerly debouching into the sea directly in Poti, 
was relocated to its present position during the Soviet era. 
 
2.2.2 Palaeoenvironmental changes and sea-level fluctuations 
Even though a number of studies on the Holocene landscape evolution exist from the sec-
ond half of the 20th century (e.g. Janelidze, 1980), most data from the Soviet era is difficult 
to access. During the last 25 years only a few publications provide valuable information on 
   Chapter 2 
27 
 
Holocene environmental development, with main focus on the vegetation history of Geor-
gia's Black Sea coast since the mid-Holocene (e.g. Connor et al., 2007; de Klerk et al., 
2009; Shatilova et al., 2010). Palynological records document a coastal plain vegetation 
and generally outline warm and humid conditions; however, while Connor et al. (2007) de-
scribe a gradual evolution from chestnut-dominated open woods in the mid-Holocene fol-
lowed by shrubby marshy landscapes and, caused by groundwater fluctuations due to 
coastal subsidence and sea-level changes, recent beach-hornbeam conditions, de Klerk et 
al. (2009) highlight a relatively constant vegetation history with only minor effects of anthro-
pogenic land use change. Other studies investigated the degree of anthropogenic land-
scape changes, e.g. deforestation (Nikolaishvili et al., 2011), human-induced landslides (Ni-
kolaeva et al., 2014; Vezolli et al., 2014), and soil contamination (Narimanidze and Brück-
ner, 1999; Svanidze et al., 2008). Several geoarchaeological projects have been carried out 
concerning the environs of archaeological sites – e.g. the anthropologically famous Dmanisi 
(Messager et al., 2009, 2011); Bronze age settlements on the Bedeni Plateau (Kvavadze 
et al., 2015) – as well as the analysis of fluvial archives (von Suchodoletz et al., 2015). 
The Holocene reconnection of the Black Sea with the Mediterranean Sea occurred around 
~7400-6400 cal BC (Ryan, 2007; Giosan et al., 2009; Lericolais et al., 2009; in a previous 
publication a date of ~5500 cal BC had been suggested by Ryan et al., 1997). Several 
studies were dedicated to the subsequent sea-level rise, for which both a steadily rising 
(Hiscott et al., 2002; Giosan et al., 2009) and an oscillating (Balabanov, 2007; Chepalyga, 
2007; Yanko-Hombach et al., 2007) curve were proposed. Based on his evaluation of ~400 
radiocarbon ages from Black Sea coasts, Balabanov (2007) suggested several major re-
gression-transgression cycles for the Holocene period. This interpretation was strongly op-
posed. Brückner et al. (2010) presented evidence for a gradual sea-level rise; they at-
tributed the assumed regression-transgression wiggles of the Balabanov curve to local ne-
otectonics and a misinterpretation of the data set (see also Kelterbaum et al., 2012). Espe-
cially the concept of the so-called Phanagorian Regression, which was postulated for the 
time span ~800 BC to ~500 BC, i.e. for the time when the Greek settlers had founded many 
coastal colonies in the Black Sea region, was rejected (Fouache et al., 2012). 
For the Kuban delta plain (Taman Peninsula, Russia), Brückner et al. (2010) proposed a 
gradual sea-level rise from 7 to 6 m below present sea level at 5000 BC to ~2 m below sea 
level at 2000 BC, and a subsequent decelerated rise until today. For the Danube delta re-
gion, Giosan et al. (2006) assume a stable (±1.5 m) sea level over the last 5000 years, 
based on morphodynamic and palaeogeographic data. As in other study areas, the local 
sea-level evolution is assumed to have influenced both sedimentation patterns and settling 
activities in Western Georgia as well. 
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2.2.3 Human occupation and archaeological background 
In the Colchian plain, findings of Lower Palaeolithic (~12,000 BC) tools indicate a long oc-
cupation history of the Kolkheti lowlands (Fähnrich, 2010). Although the transition from 
hunter-gatherer communities to a pastoral and agricultural sedentism is supposed to have 
taken place in the Neolithic (8th to 5th millennium BC) only few of these sites are known to 
date. Increasing numbers of settlements are known from the Late Chalcolithic and Early 
Bronze Age, the latter beginning in the first half of the 3rd millennium BC (Lordkipanidze, 
1991; Fähnrich, 2010). Henceforth, settlement mounds occur in the northern part of the 
Kolkheti lowlands, which represent typical dwelling places of the Bronze Age society in 
Western Georgia (Jibladze, 2007; Fähnrich, 2010; Gamkrelidze, 2012). In the first half of 
the 2nd millennium BC, the Colchian culture was formed, which was accompanied by an 
advance of technical innovations. It merged into the Kingdom of Colchis with a cultural hey-
day in the 8th century BC (Lordkipanidze, 1991). At the same time, ancient Greek merchants 
reached the Black Sea area and founded several colonies along the Colchian coast. Early 
cultural exchange (supposedly originating from Mycenaean time) is likely reflected in the 
saga of the Argonauts, in which the Colchis is praised for its metal (particularly gold; ‘Golden 
Fleece’) works and its prosperous society (Lordkipanidze, 1991). 
The city of Phasis represents the most important ancient Greek colonial foundation in the 
Colchian territory. It was described by various ancient authors such as Strabo, Pliny the 
Elder, Pseudo-Scymnos, Pseudo-Scylax and Hippocrates. It was probably situated in the 
Rioni delta close to Lake Paliastomi (Fig. 2.1) (Gamkrelidze, 1992, 2012; Lordkipanidze, 
2000; Korenjak, 2003). However, while the location of ancient Phasis has been related to 
ruins of a Roman fort (Dubois de Montpéreux, 1842) which existed until the construction of 
the former airport of Poti, remnants of the city hitherto have not been discovered, and its 
exact position remains unclear. 
 
2.3 Methods 
2.3.1 Field work 
Our research is based on eleven sediment cores and two trenches, organized in two tran-
sects (transect A: general direction W – E; Figs. 2.1-2.3, 2.5; transect B: general direction 
N – S; Figs.2.1, 2.3, 2.4 and 2.6). Corings were done with the Cobra TT (Atlas Copco) 
percussion coring device. The sediment cores reached a maximum depth of 12 m below 
surface (b.s.), while core diameters were 6 and 5 cm, respectively. The trenches reached 2 
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m b.s. Field documentation included the description of sediment texture, colour, and the 
CaCO3 test (with HCl, 10%). Samples were taken from the different sedimentary units, and 
at regular spacing intervals of 30-50 cm. 
Three master cores which are representative of the study area were analysed in detail: Core 
KUL 3 (Fig. 2.2) represents the sand-dominated stratigraphy close to the recent shoreline 
and is situated in the direct vicinity of trench KUL 2 in the slope of the easternmost beach-
foredune ridge facing the swampy hinterland. Cores KUL 7 and PAPO 2 represent the typ-
ical depositional sequence of the coastal hinterland. KUL 7 (Fig. 2.3) is situated in the east-
ern central part of the swamp, ca. 100 m north of the Tsiva river, an artificial drainage chan-
nel which crosses the swampy lowlands from southeast to northwest. Core PAPO 2 (Fig. 
2.4) is located close to the Rioni, some 7 km south of KUL 7. From the three master cores, 
plant fragments and charcoal remains were taken for radiocarbon dating. The two trenches, 
KUL 1 and KUL 2 (Fig. 2.5), were dug on top of the most landward lying beach-foredune 
ridges just north of the Rioni river mouth.  
The elevation of cores and trenches was measured by using a Topcon Hiper V DGPS with 
a spatial resolution of 2 cm. Soviet topographic maps (1:25,000 scale, approx. 1960s; 
1:50,000 scale, approx. 1970s) served for supplementary information on surface changes 
over the last decades. 
 
2.3.2 Geochemical and sedimentological analyses 
They were conducted at the Geo-Laboratory of the Institute of Geography, University of 
Cologne. All samples were dried at 40 °C for 48 h, sieved to <2 mm, and gently pestled by 
hand for aggregate disintegration. Granulometric analyses were conducted for the fine 
grained fraction (<2 mm) of all samples using a Laser Diffraction Particle Size Analyzer (LS 
13320 Beckmann CoulterTM). Samples were pre-treated with hydrogen peroxide (H2O2 
15%) to remove the organic matter, and sodium pyrophosphate (Na4O7P2, 46 g/l) was 
added as a dispersant to avoid coagulation. Each sample was measured three times using 
the optical Fraunhofer model. Grain-size parameters based on Folk and Ward (1957) were 
calculated using GRADISTAT software version 8 (Blott and Pye, 2001). 
Loss on ignition (LOI) was determined by oven-drying of 5 g sample material at 105 °C for 
12 h and ignition in a muffle furnace (Carbolite ELF) at 550 °C for 5 h. Although possible 
uncertainties may result from the combustion of clay minerals and/or carbonates, LOI was 
used for estimating organic carbon contents in the sediments (Barsch et al., 2000; Heiri et 
al., 2001). 
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Furthermore, the samples of core KUL 7 were analysed for their C/N ratio using the method 
described by Meyers and Teranes (2001). Total organic carbon (TOC), total carbon (TC), 
and nitrogen (N) were determined on duplicate powdered samples using a Vario EL Cube 
(Elementar Analysensysteme GmbH, Hanau, Germany). Before measurement the material 
was homogenized and weighed out into tin boats. In a second aliquot of each sample 
CaCO3 was dissolved with 10% HCl, before TOC was determined. 
In addition, selected samples were analysed for their mineral composition by X-ray diffrac-
tion (XRD; cores KUL 3 and 7; Fig. 2.7C) and for their element contents by X-ray fluores-
cence (XRF; cores PAPO 2, KUL 3 and 7). The material was homogenized using an auto-
matic ball grinder (Retsch MM 400), pressed into 2 mm thick pellets, and measured with a 
portable XRF analyzer (NITON XL3t). Each sample was measured three times in mineral 
mode for 160 sec to cover all possible filter options with an adequate time span. In case of 
the elements K, Ca, Fe, Mn errors were below 1%, in case of S below 4%. For XRD analysis, 
the homogenized powder was placed on a PVC slide and measured in a Powder X-Ray 
Diffractometer (Siemens D 5000) with a fixed focal distance of 0.5 mm. All samples were 
measured at 5-75° 2Θ in 0.05° steps and 10 sec per degree (Cu-K-alpha radiation source, 
operated at 40 keV and 40 mA). The data were analysed using the DiffracPlus EVA software 
package (Bruker AXS, Berlin, Germany). 
To distinguish the different facies two forms of visualisation were chosen. For the principal 
component analysis (PCA; Fig. 2.7A) the PAST software (version 3.1.1) was applied (Ham-
mer et al., 2001). The values were standardized and standard deviation was calculated. 
Altogether eight components (contents of K, Ca, Fe, Mn, LOI, clay and sand, and sorting) 
were used. The spatial distribution bases on the principle components 1 and 2. The ternary 
plot (see Brumsack, 1989; Dellwig et al., 2000, Fig. 2.7B) was evaluated with the Grapher 
9 software and predicates on the standardized values of mean grain size, sorting and Ca/K 
ratio. 
Finally, six samples of core KUL 12 were analysed for their microfaunal content. Samples 
were sieved into fractions of >100 µm and 63-100 µm after adding sodium pyrophosphate 
(Na4O7P2, 46 g/l) to avoid coagulation. Species determination was carried out under a light 
stereo microscope. 
 
2.3.3 Dating techniques 
Thirteen samples (plant remains and charcoal) taken from cores KUL 3, KUL 7 and PAPO 
2, were radiocarbon-dated in the CologneAMS Laboratory, University of Cologne (Table 
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2.1). All ages were calibrated with the Calib 7.1 program (Reimer et al., 2013). The age-
depth-model was calculated with the OxCal version 4.2.4 (Bronk Ramsey and Lee, 2013), 
restricted to the deposition models for chronological records of Bronk Ramsey (2008). 
In order to gain chronological information on the generation and last activation of the beach-
foredune ridges north of the Rioni river mouth, infrared stimulated luminescence (IRSL) 
dating was carried out on four samples from trenches KUL 1 and 2. The luminescence 
samples were taken by pushing steel tubes of 5 cm diameter into the cleaned vertical sec-
tions. The tubes were closed with plastic lids to avoid light contamination. For further infor-
mation on sample preparation see Chapter 2.9.1 (Apendix). 
 
2.4 Results 
2.4.1 The beach-foredune ridges and the adjacent hinterland (KUL 1 – 
KUL 3) 
KUL 1 and 2 were trenched down to a depth of ca. 2 m below surface (b.s.). They comprise 
of homogeneous coarse to medium sand layers, with a few roots. Only the upper ~30 cm 
 
Fig. 2.2: Facies interpretation, granulometry, geochemistry and 14C age estimates of the sediment 
core KUL 3. It represents the stratigraphy of the landward part of the coastal barrier complex, con-
sisting of a (sub-) littoral base, semi-terrestrial back-barrier facies, and aeolian cover sands (deposits 
of the foredune ridges).  
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reveal a slightly finer grain size and an increased content of organic matter. Sediment core 
KUL 3 (Fig. 2.2) is composed of well-sorted medium sand (mean grain size between 522 
and 455 µm) with organic matter of <4% (6.70-2.82 m b.s.) at its base. Subsequently, the 
overlying peat unit (2.82-1.95 m b.s.) shows grain size values of 254-237 µm and high LOI 
(15-67%). Above, relatively homogeneous sand occurs. The uppermost part (0.38-0m) is 
characterised by decreasing mean grain size and increased LOI. 
    
 
2.4.2 The Kolkheti wetlands – master cores KUL 7 and PAPO 2 
2.4.2.1 Sediment core KUL 7 
The lowermost stratigraphical unit (12-11.68 m b.s.) is composed of grey homogeneous silt 
which is characterised by high Ca contents, also reflected in the Ca/Fe and Ca/Ka ratios 
(Fig. 2.3). The mineral composition of this layer differs from the subsequent layers; calcite 
was detected only in sample KUL7/44. The overlying stratum (11.68-11.55 m b.s.) consists 
of an intensely weathered dark-brown peat with high LOI values (up to 37%) and TOC/N 
ratios, and low Ca/K and Ca/Fe ratios. At 11.55 m b.s. the peat gradually changes into dark 
grey clayey silt (mean grain size <10 µm) with few shell fragments and elevated contents 
of organic matter, particularly between 11.31 and 11.28 m b.s. At 11.00 m b.s., LOI reaches 
a constant level below 5%, while Ca remains high and TOC/N decreases. The clayey silt 
dominates until 7.71 m b.s., although it is intercalated by a dark brown peat at 9.56-9.40 m 
b.s. (LOI up to 23%). Subsequently, the sand content increases considerably, and fine 
sand-dominated layers alternate with silt-dominated layers until 5.27 m b.s. While LOI and 
TOC/N remain relatively low, Ca/Fe and Ca/K show constantly decreasing values above 
6.43 m b.s. In general, elevated Si and Ti values characterise the strata between 9.40 and 
5.27 m b.s., compared to the sediments below.  
Above, the sedimentary succession is characterised by two distinct peats (5.27 and 2.49 m 
b.s.), intercalated by a light grey silt layer (3.89-3.59 m b.s.). The peat units are indicated 
by increased S and TOC/N values; they are mainly composed of a clay- and silt-dominated 
matrix (mean grain size <9 µm) with high LOI values (10-34%) and only few macroscopic 
plant remains. Subsequently, the peat layer gradually changes to clayey silt which prevails 
until 0.45 m b.s. Above the ground water table, the sediments have a reddish brown colour, 
contain root fragments and show signs of redox characteristics. The uppermost layer is the 
plough horizon. 
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Fig. 2.3: Facies interpretation, granulometry, geochemistry and age-depth model of the sediment 
core KUL 7 (caption see Fig. 2.2). It represents the stratigraphy of the central coastal lowlands, and 
comprises the entire range of facies: possibly shallow marine deposits at the base (see discussion 
in chapter 2.5.1), followed by an interdigitating of lagoonal, semi-terrestrial and alluvial strata.  
 
2.4.2.2 Sediment core PAPO 2 
From 10 to 9.78 m b.s. sandy silt with low LOI occurs. It is covered by silty sand with large 
plant remains, high LOI, Ca/K and Ca/Fe, and low Si and Ti values (Figs. 2.1 and 2.4). Then 
follows a peat (LOI 41-79 %, 8.59-8.03 m b.s.) with very low Ca/K and Ca/Fe ratios. It grad-
ually changes to grey homogeneous (8.03-~6.00 m b.s.) and laminated (~6.00-3.36 m b.s.) 
clayey silt, which is characterised by low LOI, but high values of Si, Ti, Ca/K and Ca/Fe. 
Sandy intercalations are found, e.g. between 6.39 and 6.03 m b.s. Then peat layers with 
macroscopic plant remains occur between 3.36 and 2.76 m b.s., and from 2.22 to 1.41 m 
b.s.; they are characterised by increased organic contents and reduced Ca/K and Ca/Fe 
ratios. The peats are separated by grey clayey silt (2.76-2.22 m b.s.). Red-brown silt with 
low LOI occurs in the uppermost ~1.4 m of the core. 
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Fig. 2.4: Facies interpretation, granulometry, geochemistry and age-depth model of the sediment core PAPO 2 
(caption see Fig. 2.2). The stratigraphy, which is typical for the three southernmost cores, shows river sediments 
covered by lagoonal deposits. According to the age-depth model, the siltation of the lagoon took place ~2000 
years later than at the site of KUL 7. 
 
2.4.3 Additional stratigraphic information along the coring transects A 
and B 
Compared to master cores KUL 7 and PAPO 2, a number of similarities can be found in the 
sedimentary succession of all other cores along the two coring transects (Figs. 2.5 and 6). 
All cores are predominantly composed of fine-grained (silt-dominated) and often laminated 
sedimentary units with macroscopic plant remains. However, depending on the location of 
each core along the coring transects, differences exist regarding the presence of basal sand 
layers as well as the position of sand and peat intercalations. 
   Chapter 2 
35 
 
 
Fig. 2.5: Transect A crossing the research area from W to E (position in Fig. 2.1). While KUL 1, 2 
and 3 belong to core group 1 representing the evolution of the coastal barrier complex, KUL 12 
belongs to core group 3, which represents the evolution in the centre of the swamps. Cores KUL 7 
and KUL 11 are part of core group 4 (see text for further explanations).  
 
   Chapter 2 
36 
 
 
Fig. 2.6: Transect B crosses the research area in S-N direction (position in Fig. 2.1; legend in Fig. 
2.5). The southernmost cores (SHAV 2, PAPO 3, PAPO 2) belong to core group 1; they are charac-
terized by strong fluvial influence in the lower parts. KUL 9 and KUL 6 represent the evolution in the 
central part of the swamps, dominated by fine-grained lagoonal mud without intercalation of sand or 
peat. KUL 7, 10 and 5 belong to group 4 which contains several peat layers, but no major fluvial of 
alluvial input. 
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In the southern section of coring transects A and B, the lower parts (below 5.5 m b.s.l.) of 
cores SHAV 2 and PAPO 3 (Fig. 2.6) comprise fine sand-dominated and poorly sorted lay-
ers with varying silt contents (mean grain size ~30-200 µm), which is similar to the section 
between 9.78 and 8.59 m b.s. in master core PAPO 2. In case of SHAV 2, this unit reaches 
a thickness of almost 3 m. In contrast, units of (silty) sand are better sorted and more ho-
mogeneous, which is expressed by reduced fluctuations of the mean grain size in cores 
KUL 7, 9, 10 and 11. Finally, medium sand with parts of coarse sand (~250-520 µm) are 
found in core KUL 3, in sediment profiles of trenches KUL 1 and 2, and in the uppermost 
2.5 m of core KUL 12. Here, sand units are well-sorted (in general σ < 2), homogeneous 
and void of macroscopic plant remains. 
The distribution and thickness of peats reveal a certain pattern as well. Except for KUL 6, 
all cores contain at least one distinct peat layer. The peats generally occur in the upper 
parts of the cores, predominantly in a sequence of 2-3 layers, which are separated by thin 
clay- and silt-dominated strata. In the lower core sections, peats were found in only 7 cores. 
Six samples of core KUL 12 were analysed for their microfaunal content, with only two of 
them revealing scattered findings: At 11.74 m b.s. a few indeterminable remains of forami-
nifera occur; at 9.49 m b.s. a sample contains two indeterminable foraminifera specimens. 
 
2.4.4 Radiocarbon and IRSL dating results 
Table 2.1 gives the details of the radiocarbon dating results, including specifications of the 
dated material, sample numbers and depths. The 14C ages (2 σ) are noted in the figures of 
the profiles at the position of the sampled depths (see Figs. 2.2-2.6).  
The fading-corrected IRSL dating of samples from trench KUL 1 resulted in ages of 1010 ± 
134 a (KUL 1/2) and 1017 ± 129 a (KUL 1/4). The IRSL ages from trench KUL 2 are only 
insignificantly younger (KUL 2/1: 1047 ± 134 a; KUL 2/2: 1049 ± 134 a) (Table 2.2). 
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Tab. 2.1: Radiocarbon data sheet. Calibration with Calib 7.1 software (following Stuiver and Reimer, 
1993). Dating was carried at the Centre for Accelerator Mass Spectrometry of the University of Co-
logne (CologneAMS). 
Sample ID Lab code 
Depth be-
low surface 
Material δ13C (‰) 
Conven-
tional 14C-
age BP 
Calibrated 14C-
age 
(cal BC/cal 
AD), 
2 sigma 
KUL 3/9 COL 3180.1.1 2.45 Plant/wood -27.1 1553±37 AD 418-584 
KUL 3/10 COL 3181.1.1 2.65 Plant/wood -25.5 2135±38 354-250 BC 
KUL 3/14 COL 3182.1.1 3.55 Plant/wood -26.9 3313±39 1685-1505 BC 
KUL 7/7 COL3183.1.1 2.43 Plant/wood -30.3 1286±39 AD 655-861 
KUL 7/13 COL3184.1.1 3.84 Plant/wood -27.0 4479±41 3348-3025 BC 
KUL 7/20 COL3185.1.1 5.47 Plant/wood -24.9 4821±42 3695-3521 BC 
KUL 7/37 COL3186.1.1 9.65 charcoal -29.5 6483±44 5529-5346 BC 
KUL 7/44 COL3187.1.1 11.62 Plant/wood -29.8 6967±47 5979-5740 BC 
PAPO 2/6 COL3188.1.1 1.5 Plant/wood -29.9 165±36 AD 1661-1949 
PAPO2/9 COL3189.1.1 2.65 Plant/wood -27.9 1823±37 AD 86-322 
PAPO2/11 COL3190.1.1 3.45 Plant/wood  -28.6 3252±40 1618-1441 BC 
PAPO2/28 COL3192.1.1 8.62 Plant/wood -28.1 4602±41 3517-3118 BC 
PAPO2/31 COL3193.1.1 9.74 Plant/wood -28.8 6201±43 5297-5044 BC 
 
 
Tab. 2.2: Luminescence age estimates of the beach ridges of Kulevi. Feldspar, coarse grain, SAR protocol 
after Murray and Wintle, 2000, central age model (CAM) after Galbraith et al., 1999. 
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2.5 Discussion 
2.5.1 Facies interpretation 
Based on the samples taken from the master cores, eight facies were distinguished, which 
were adopted for the further cores of coring transects A and B. The facies represent depo-
sitional environments that differ in terms of grain size, sorting, organic content and ele-
mental composition (Fig. 2.7A, B, C). 
 
2.5.1.1  Facies A: shallow marine (?) 
Facies A was only found in the basal section of KUL 7 (Fig. 2.3). From 12 m b.s. to the peat 
layer at 11.68 m b.s., the sediment shows low S values and the presence of (magnesium-) 
calcite (Fig. 2.7C), which is manifested in high Ca contents. Samples from this section con-
tain few undetermined shell fragments and few foraminifera. This facies differs from facies 
D (alluvial, semi-terrestrial deposits) and facies C (lagoonal mud) in terms of lower Si, Ti 
and S contents. The slightly increased TOC/N ratio is a possible indicator for both shallow 
marine and terrestrial conditions (Meyers and Teranes, 2001). The PCA and the standard-
ized ternary plot (Fig. 2.7A and B) both reveal no distinct differentiation of this sample to 
facies C and D. Therefore, a lagoonal or semi-terrestrial origin, e.g. related to a standing 
water body on the evolving delta floodplain, comparable to facies C1 or C2, cannot be ex-
cluded. In this case a continuous sea-level rise and drowning of the study area would have 
provoked the growth of a transgressive peat (KUL 7, 11.68-11.55 m b.s.). 
  
2.5.1.2 Facies B: sublittoral to littoral 
Relatively well-sorted medium to coarse sand between 6.70 and 2.82mb.s. at KUL 3 (Fig. 
2.2) points to hydrodynamic conditions with rather high sediment transport capacities, typi-
cal of wave- dominated sublittoral to littoral conditions (Dingler, 2005; Aagaard and Hughes, 
2013). Sediments from facies B are coarser and better sorted than sediments from facies F 
(fluvial deposits). Based on Folk and Ward (1957), beach sands are characterised by good 
sorting and tend to unimodal distributions, even if they are located close to river mouths 
(Tucker, 1996; Hesp, 2002). In the ternary plot this facies is congruent to facies G due to 
the coarse grain size, but it is distinguishable from the other remaining facies (Fig. 2.7B). A 
slightly better differentiation is revealed by the PCA (Fig. 2.7A), although two samples from 
facies G plot similar to the samples of facies B as well. 
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Fig. 2.7A: Principal component 
analysis (PCA) of the samples 
taken from the master cores KUL 3, 
7 and PAPO 2. Eight PCs were es-
timated. The spatial distribution is 
based on components 1 and 2 with 
a variance of 36.9 and 19.8% (fur-
ther variances: PC 3: 14.3%, PC 4: 
10.5, PC 5: 8.4%, PC 6: 6%, PC 7: 
0%). For the colour code of the 
samples see Fig. 2.5. 
2.7B: Ternary plot of mean grain 
size, sorting and Ca/K ratio, plotted 
for all samples of the three master 
cores. For the colour code of the 
samples see Fig. 2.5. 
2.7C: Mineralogical compositions of 
the samples KUL7/36 and KUL 
7/45. Qu = quartz, Mu = muscovite, 
Al = albite, Ca = magnesium-calcite. 
The obvious difference is that KUL 
7/45 contains magnesium-calcite. 
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2.5.1.3 Facies C: lagoonal 
Sediments from facies C have a grey colour and tend to be indicated by low contents of 
organic matter. The lagoonal sediments differ from the semi-terrestrial and shallow marine 
deposits in terms of higher Ca/Fe and Ca/K ratios and low Si and Ti contents (Figs. 2.3, 2.4 
and 2.7B). Furthermore, the low TOC/N ratios point to a predominance of algae and low 
terrestrial input of vascular plant material (Meyers and Teranes, 2001) which supports the 
differentiation between those two facies. 
Nevertheless, several samples from the lagoonal strata reveal a coarser grain size. Alt-
hough strong storms are known from the Black Sea, neither the absence of microfauna, nor 
geochemical or sedimentological features typically related to storm deposition (e.g. lamina-
tion, fining upward sequences) were found. Therefore a deposition by wave events is un-
likely (Morton et al., 2007). However, geochemical parameters are consistent with still water 
conditions as well. Therefore, facies C can be divided into two subunits: Facies C-1, which 
consists of the predominating fine-grained mud of the central lagoonal areas, and Facies 
C-2, which is formed by the coarser deposits of the lagoon areas close to the river  
mouths. This explains the similar composition between some lagoonal and alluvial samples 
in the PCA (Fig. 2.7A). The standardized ternary plot reveals a well-defined distinction of all 
other facies, except for two fluvial samples which may be explained by the fluvial origin of 
both facies C-2 and facies F (Fig. 2.7B). 
 
2.5.1.4 Facies D: alluvial (overbank deposits) 
As typical for alluvial sediments, facies D is characterised by silty to clayey deposits. The 
high TOC/N ratio is an effect of the increased content of vascular or even cellulosic plant 
material of terrestrial origin (Meyers and Teranes, 2001). Extensive inundation of lowlying 
delta areas and oxbow lakes during flood events typically induce the accumulation of fine 
sediments from slack waters as overbank deposits (overbank fines), when the stream over-
tops its banks (Blair and McPherson, 1994). In any case, major floods of the lower sections 
of the rivers Rioni and Khobistsqali can also provoke crevasse splays by breaching of lev-
ees, most commonly leading to sand deposition on the floodplain (e.g., North and Davidson, 
2012). However, crevasse splay deposition typically goes along with basal erosional uncon-
formities, and no such erosional surface was found in the presented cores. Core sections 
with varying fine sand contents and Ca/Fe and Ca/K values thus reflect the fluctuating hy-
drodynamic conditions on the delta plain which are predominantly characterised by the dep-
osition of overbank fines (Boggs, 2006). These coarser layers have similar granulometric 
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characteristics compared to facies C-2, but can be distinguished by differences in the geo-
chemistry. Due to high LOI, many samples resemble those of facies E (Fig. 2.7A and B). 
 
2.5.1.5 Facies E: semi-terrestrial (peat) 
Facies E is represented by peat with numerous macroscopic plant remains and considera-
bly elevated LOI and K values. Preservation of plants points to anoxic conditions (Turney 
et al., 2005). High TOC/N ratios are typical of peat bogs (Joosten et al., 2003; Haberl et al., 
2006) and indicate a dominance of cellulosic plants (Meyers and Teranes, 2001). The most 
remarkable difference is revealed in elevated LOI and S values. The connection with the 
surrounding strata is reflected in the scattered distribution in the PCA and ternary plot (Fig. 
2.7A, B), e.g. adjacent to facies B, C-1 and C-2. 
 
2.5.1.6 Facies F: fluvial 
A fluvial origin is assumed for some sections of cores PAPO 2, PAPO 3 and SHAV 2 and 
refers primarily to sediment input by distributary channels of the two rivers in the delta. 
These sediments show coarser grain size, moderate to poor sorting (Sun et al., 2002), and 
are void of macro- and microfauna. Elevated Fe and K values point to increased input of 
terrestrial material (Arz et al., 1998; Meyers and Teranes, 2001; Kujau et al., 2010). The 
varying grain size and sporadically occurring fining-upward sequences (e.g. PAPO 2) can 
for instance be explained by river avulsion and temporary lateral channel migration, depo-
sition during larger floods in areas close to distributary channels, and/or – in contrast to 
facies D – crevasse splay deposition (Boggs, 2006). There are certain similarities with facies 
C-2 (Fig. 2.7B), but facies F reveals coarser mean grain size and elevated LOI, Si and Ti 
values. A better separation is revealed in Fig. 2.7A, where the plots of facies F and C-2 are 
disjoint. 
 
2.5.1.7 Facies G: aeolian 
Facies G is restricted to sediment profiles of trenches KUL 1 and 2, and the upper part of 
KUL 3. The elevation of these sediments with respect to sea level (2.50-3.00 m a.s.l.), the 
high degree of sorting and the dominance of medium sand (mean grain size 310-410 µm) 
suggest an aeolian origin. The location on the landward slope of the shore-parallel foredune 
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ridges confirms this assumption (Hesp, 2002). The high degree of similarity to littoral sedi-
ments (facies B; Fig. 2.7A and B) can be explained by the shared source area and the short 
transport distance. This is reflected by slightly increased fine sand and reduced coarse sand 
contents (Fig. 2.2). 
 
2.5.1.8 Facies H: anthropogenic 
This facies reveals the same characteristics as facies B (sublittoral to littoral environ-
ments). The sediment was intentionally deposited at the site of KUL 12 in order to build a 
causeway. 
 
2.5.2 Chronostratigraphic interpretation of sediment cores 
2.5.2.1 Trenches KUL 1 and 2, core KUL 3 
In KUL 3 the coastal evolution north of the present Rioni mouth is documented for the last 
3500 years (Fig. 2.2). Due to the circulation pattern of the offshore currents (Korotaev et al., 
2003), the Rioni is the main sediment source for the littoral deposits along the graded shore-
line. Relatively well-sorted medium to coarse sands between 6.70 and 2.82 m b.s. point to 
relatively high transport capacities. Sublittoral to littoral conditions (facies B) at site KUL 3 
established before ~1500 cal BC and ceased some time before ~350-50 cal BC, when de-
creasing mean grain size (3.25 m and 2.82 m b.s.; facies B and C) and a subsequent peat 
layer (2.82-1.95 m b.s.; facies E) indicate a back-barrier milieu with beach aggradation 
and/or delta progradation. These conditions continued at least until ~500 cal AD. Elevated 
S values and well-preserved plant remains suggest an anoxic milieu in the back-barrier 
swamp. 
After ~500 AD, well-sorted medium sand was accumulated at site KUL 3, which is similar 
to the sediment in the upper 2 m of the adjacent foredune ridges (KUL 1 and 2, facies G) 
and therefore of aeolian origin. Based on the IRSL ages taken from the trenches, sand 
deposition on top of the foredunes was still active or was reactivated around AD ~830-1150 
(1049 ± 134 a and 1010 ± 134 a, Table 2.2), before the eastern part of the ridges was finally 
stabilized. This is roughly in accordance with the uppermost radiocarbon age of KUL 3: 
~500 cal AD is a terminus post quem for the deposition of the well-sorted medium sand. 
However, several uncertainties may be related to the IRSL ages. Due to the low tempera-
ture of the preheat plateau not all narrow electron traps may have been emptied, which 
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could lead to age overestimation (Auclair et al., 2003). Furthermore, the feldspar aliquots 
show a significant scatter of equivalent doses. Since the samples were taken from the upper 
section of the foredune ridges and likely experienced aeolian transport, sediments are as-
sumed to be rather well-bleached. Therefore, post-depositional mixing may be a reason for 
the large scatter. The reforestation of the area with pine trees during the 20th century (de 
Klerk et al., 2009) and resulting root penetration could be a possible explanation. Thus, the 
IRSL ages should be treated as maximum ages for the last period of foredune activity. 
 
2.5.2.2 Master cores KUL 7 and PAPO 2 
The development of the central part of the swampy hinterland between the rivers 
Khobistsqali and the Rioni is documented by master cores KUL 7 (Fig. 2.3) and PAPO 2 
(Fig. 2.4). For the lowermost section of core KUL 7 (12-11.68mb.s.), two different scenarios 
may be considered: assuming a shallow marine environment of the basal unit, the following 
peat documents the establishment of semi-terrestrial conditions, e.g. in the form of a flood-
plain swamp (facies D), pointing to a westward shift of the coastal environments. Assuming 
that the basal unit of KUL 7 represents lagoonal to semiterrestrial conditions, a western 
position of the coastline must be assumed, and back-barrier conditions existed at KUL 7 
already before ~6000 cal BC. 
However, as documented by the peat layer, back-barrier conditions dominate the entire 
study area, except for site KUL 3, at least since 5979-5740 cal BC (Table 2.1). Subse-
quently, peat growth could not keep pace with the, at that time, still considerably rising sea 
level (Giosan et al., 2006; Brückner et al., 2010). The establishment of open lagoonal con-
ditions (facies C) is inferred from the following ~4 m thick unit of clayey silt, although the 
mineralogical composition (i.e. absence of calcite) of these sediments and the absence of 
micro- and macrofossils point to conditions inappropriate for the development of faunal as-
semblages. Depositional conditions remained stable for the following centuries, and, de-
spite the development of a thin intercalated peat, were most likely characterised by a la-
goonal back-barrier situation. While no microfauna was found to determine salinity condi-
tions, the geochemical parameters are the most reliable indicators for this facies determi-
nation. High depositional rates are inferred from the 14C age of plant fragments taken from 
the uppermost part of the silt layer: with an age between 5529 and 5346 cal BC (Table 2.1) 
it is only slightly younger than the sample taken from the peat below. 
In the following units we assume an increasing significance of alluvial processes, e.g. over-
bank deposition during major floods of the lower sections of the rivers Rioni and 
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Khobistsqali. The increased alluvial deposition marks the transition to subsequently evolv-
ing semi-terrestrial conditions (facies D), which were likely related to the gradual evolution 
of the Rioni-Khobistsqali floodplain, i.e. the Kolkheti lowlands, established around 3600 cal 
BC. Subsequently, the stratigraphy is dominated by thick peat units (facies E). Peat for-
mation at KUL 7 dominated at least until ~900 cal AD; sporadic sand input on the floodplain 
is inferred from the sand fraction in the peat layers. 
Additionally, different rates of peat accretion may be inferred from the radiocarbon ages. 
While 1.50 m of peat accumulated between 3695 and 3521 cal BC and 3348-3025 cal BC 
(5.27-3.89 m b.s.) (Table 2.1), reduced rates of peat formation must be assumed for the 
section between 3.59 and 2.49 m b.s., where 1.10 m of peat formed during a period of 4000 
years (3348-3025 cal BC to 655-861 cal AD). If it is not a dating error, this might be ex-
plained by different rates of groundwater level changes. However, the development of 
paralic peats is dependent on the local sea-level evolution (Fouache et al., 2012), and a 
sea-level rise of only 1.1 m in ~4000 years is problematic. Thus, possible uncertainties have 
to be considered, e.g. dating of different material, a possible hiatus within the sequence and 
floating peat (Haberl et al., 2006; Vött et al., 2007). Finally, the peat is covered by fine-
grained alluvial deposits and 0.45 m of anthropogenic infill. 
The stratigraphy recorded in core PAPO 2 reflects a similar evolution. It starts with lagoonal 
deposits (facies C). The following sandy stratum of fluvial origin (facies F) was deposited 
between 5297 and 5044 cal BC and 3517-3118 cal BC. When the riverine input declined, 
peat (facies D) formed, indicating semi-terrestrial conditions and the establishment of a la-
goonal environment, still affected by episodic flooding. The end of input of coarser-grained 
sediments may reflect an avulsion of the Rioni. After 1618-1441 cal BC, peat growth indi-
cates the end of the lagoonal conditions (3.36-2.76 m b.s.). Related to the extending delta 
floodplain of the Rioni, alluvial sediments (facies E) had been deposited at the site at least 
since 86-322 cal AD. 
 
2.5.3 The evolution of the Kolkheti lowlands 
The evolution of the Kolkheti lowlands can be deduced from coring transects A and B (Figs. 
2.5 and 2.6). The facies of the three master cores were adopted to the cores along the 
coring transects. In addition, the cores were classified into four groups based on their site-
specific sedimentary succession. 
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Group 1 consists of core KUL 3 and trenches KUL 1 and 2. It is dominated by sublittoral to 
littoral (KUL 3) and aeolian sands (upper part of KUL 3, KUL 1 and 2). Similar deposits are 
absent in the other parts of the coring transects. 
Cores SHAV 2, PAPO 2 and PAPO 3 comprise group 2, which is restricted to the southern 
part of the research area. In these cores, the lowermost sections (below ~6 m b.s.l.) show 
lagoonal environments (facies C), which were episodically affected by sediment input from 
the Rioni river (facies F). Especially in the case of SHAV 2, a 3 m thick layer of fluvial sand 
occurs, which can be related to similar sand intercalations at PAPO 2 and PAPO 3. Due to 
14C-dated plant material in PAPO 2 (Table 2.1, sample PAPO2/31), the distinct sand layers 
was accumulated after ~5300 cal BC. It is assumed that by then the course of the Rioni was 
located at a similar position as today. When lagoonal conditions (facies C) were established 
in the area after ~3000 BC, major sand intercalations are absent. Instead, intercalated peats 
indicate recurrent siltation and shoreline shift of a shallow lagoon. In the southern part of 
transect B, the transformation from lagoonal (facies C) to semi-terrestrial and later terrestrial 
depositional environments (facies D and E) occurred after ~1500 BC. 
Further north, cores KUL 6, 9 and 12 (Fig. 2.1) comprise group 3. The cores represent the 
central part of the Kulevi swamps between the rivers Rioni and Khobistsqali. They almost 
entirely consist of clayey silt, which is interpreted to represent lagoonal (facies C) and, sub-
sequently, alluvial strata (facies E). Alluvial and fluvial deposition was reduced wherefore 
intercalations of coarser material are missing. It seems that these core sites had been lo-
cated in the centre of the former lagoon. Only a thin sand layer suggests flood-related dep-
osition at KUL 9. The sand layer in the upper 2.5 m of KUL 12 is artificial infill (facies G; 
Figs. 2.5 and 2.7) since the coring site is located in close proximity to the road. 
Group 4 comprises cores KUL 5, 7, 10 and 11 and exhibits parallels with group 2. KUL 7 is 
the deepest core and reaches ~10.50 m b.s.l. It is the only core where shallow marine con-
ditions (facies A) are inferred at the base. However, the subsequent strata are dominated 
by fine-grained sediments of the lagoonal facies (facies C-1), with sand intercalations indi-
cating episodic alluvial sediment input (facies C-2) particularly at sites KUL 7 and 10 which 
are located close to the river mouth. While peat layers are almost absent in the lower core 
sections, thick peat units are present in the upper part of the cores from this group. We have 
not yet resolved whether alluvial deposition is related to the Rioni or the Khobistsqali. 
In summary, the presented findings allow to sketch a general scenario for the evolution of 
the Kolkheti lowlands over the last eight millennia. 
Around 6000 cal BC, a shallow marine environment may be inferred from the base of two 
cores (KUL 7 and 12); these sediments show slightly different characteristics compared to 
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all other strata. However, samples from this unit cannot be unambiguously separated from 
the lagoonal and semi-terrestrial samples based on the sedimentological and geochemical 
characteristics (Fig. 2.7). It thus remains open whether the Holocene transgression is re-
flected in the form of shallow marine deposits, or in the form of landward migrating back-
barrier conditions. 
Around 5900 cal BC, the coastline was located west of coring transect B, most likely be-
tween KUL 12 and 3 (cf. transect A and Fig. 2.1). In all cores, a thick sequence of fine 
grained sediments points to standing water bodies and quiescent depositional conditions, 
evidencing the existence of a coastal barrier. As suggested by peat intercalations and input 
from the rivers, recurrent siltation and re-establishing open water bodies characterised this 
back-barrier environment. 
Since ~3500 cal BC (at KUL 7), the delta plain is assumed to have reached the eastern to 
northeastern part of the coring transects. The final transition from lagoonal to semi-terres-
trial environments is represented by the development of peat. In other parts of the lowlands, 
this change took place significantly later, e.g. ~1500 cal BC at site PAPO 2. Further west, 
at KUL 3, the siltation was connected to the subsequent westward shift in the shoreline. 
North of the present Rioni mouth it took place sometime before ~350 cal BC. 
This scenario is in agreement with the results presented by Connor et al. (2007) and de 
Klerk et al. (2009), who suggested an interaction of sea-level rise and fluvial infill causing 
fluctuating groundwater conditions in peat bogs at the site of Ispani (ca. 30 km south of the 
research area). Furthermore, the establishment of a floodplain with peat bogs is indirectly 
corroborated by historical sources from Antiquity: although uncertainties remain regarding 
the locations and landscape descriptions given by Hippocrates (ca. 460 - ca. 370 BC) and 
Strabo (64/63 BC - ca. AD 24), both describe the surroundings of Phasis and the Rioni as 
marshy forests and swamps (cf. Gamkrelidze, 2012). 
 
2.5.4 Implications for the local relative sea-level evolution 
Although the reconstruction of a relative sea-level curve for the research area remains chal-
lenging due to the lack of unambiguous sea-level index points, the relationship of each 
dated sample to the respective past sea level allows for an approximation of the relative 
sea-level position for each data point (Fig. 2.8). Based on the facies succession inferred for 
the cores, the peat in the lower part of core KUL 7 (sample KUL 7/44) is assumed to repre-
sent a paralic peat layer. Since paralic peats are directly related to the back-barrier ground-
water table, and, thus, to the local relative sea level (Pirazzoli, 1991; Vött, 2007), we defined 
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a vertical error range of ~±0.5 m (Pirazzoli, 1996; Behre, 2003) for this and for similar (KUL 
3/9, KUL 3/10; back-barrier position) samples. The local relative sea level thus was ca. -9 
m around 6000 BC. 
The three ages of KUL7/37, PAPO2/31 and PAPO2/28 derive from plant remains taken 
from lagoonal mud (facies C). Since the material was deposited below the former local sea 
level, these samples represent minimum values for the sea level position at ~5450 BC (-8 
m), ~5200 BC (-7.4 m) and ~3300 BC (-6.3 m). Rather shallow lagoonal conditions and a 
deposition close to the lagoonal water table is most likely, since subsequently peat evolved 
(KUL7/37, PAPO2/31). 
In contrast, samples taken from an alluvial facies (facies D), i.e. related to the deposition of 
overbank fines, derive from elevations above the former local sea level. At present, the dry 
floodplain with episodic overbank deposition shows maximum elevations of ~3 m a.s.l. 
Therefore, samples KUL 7/20, KUL 7/13, PAPO2/11, PAPO 2/9 and KUL 7/7 indicate max-
imum values for the respective sea-level position. However, while KUL 7/20, KUL 7/13, 
PAPO2/11 give valuable information about the maximum sea-level position for the time 
span between ~3500 and ~1500 BC, the latter two samples (PAPO 2/9, KUL 7/7) may be 
neglected since samples KUL3/10 and KUL 3/9 (paralic peat in back-barrier position) rep-
resent more reliable sea-level index points for this time period, with a rather narrow error 
range. For KUL3/14, representing sublittoral to littoral facies (facies B), an error range of 
several metres must be assigned as well. Finally, the peat sample PAPO2/6 derives from a 
core section dominated by alluvial sediments, indicating an oxbow peat, which only gives a 
maximum estimate for the position of the local sea level. 
Altogether, our data points (Fig. 2.8) indicate an estimated relative sea level at ~ -9 m ~6000 
cal BC, and a subsequent sea-level rise until 2000-1500 cal BC, when a sea level of ~3-2 
m below present level was reached. Afterwards sea-level rise decelerated until it reached 
today's level. 
Compared with the local sea-level curves for the Taman Peninsula in SW Russia, our curve 
shows a rather similar trend, in particular when compared to the RSL curves of the former 
two sites which point to a relatively slow sea-level rise throughout the last ~4000 years as 
well as to other RSLs of the Eastern Mediterranean (Vött, 2007; Brückner et al., 2010). 
However, the data presented here point to an even slower local relative sea-level rise in the 
Rioni delta. The differences can be explained by the different tectonic settings of the central 
Georgian coast and the Taman Peninsula. Sites on Taman Peninsula are related to subsid-
ence due to tectonic activity or compaction (Fouache et al., 2012). This may also be the 
case for the study area as a back-arc marginal extensional basin between the Caucasus 
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Fig. 2.8: Compilation of 14C-dated samples from the Kolkheti lowlands and their relative position to 
the local sea level. Horizontal bar shows 14C dating result (2 sigma). The arrows pointing up/down 
indicate that sea level was higher/lower than the dated sample. In case of paralic peat (facies E; KUL 
7/44, KUL 3/10, KUL 3/9), the sea-level range was narrowed to ±0.5 m (see text for further explana-
tions). The data set is compared to sea-level curves from the Taman Peninsula in SW Russia, with 
the sites of SEM = Semebratnee (Brückner et al., 2010), GOL = Golobitskaya (Kelterbaum et al., 
2011), and DZHI = Dschiginka (Fouache et al., 2012). The differences are due to different tectonic 
settings. For the study area, a continued and rather moderate rise in sea level for the last eight 
millennia is assumed.  
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ridges (Yılmaz et al., 2013), though at a more moderate pace. Based on the findings pre-
sented here, the high subsidence rates suggested by Gamkrelidze (1998) for the study area 
of 2-6 mm/a may be questioned. 
Finally, as already suggested by Giosan et al. (2006), Brückner et al. (2010), Kelterbaum et 
al. (2011, 2012), and Fouache et al. (2012), no remarkable wiggles of the curve, represent-
ing regression-transgression cycles, can be inferred, which further challenges older sea-
level curves of the Black Sea, and especially the so-called Phanagorian Regression (e.g. 
Balabanov, 2007). 
 
2.6 Conclusion 
Based on a total of eleven vibracores and two sediment trenches, this study presents, for 
the first time, detailed information on the chronostratigraphy of the Kolkheti lowlands (Col-
chis) in Georgia. Using a combination of sedimentological and geochemical parameters, we 
identified different facies, the succession of which reflects the palaeoenvironmental evolu-
tion of these coastal lowlands. Radiocarbon and IRSL ages show that the sedimentary rec-
ord presented here covers the last ~8000 years. 
During this period, the area of research was subject to considerable landscape changes. 
While a shallow marine origin for the very basal part of cores KUL 7 and KUL 12 remains 
ambiguous, the rapid establishment of lagoonal conditions, sometime before ~5000 cal BC, 
can be demonstrated based on sedimentological indicators. The lagoon was separated from 
the Black Sea by a barrier. Its sedimentation was influenced by the discharge of the rivers 
Rioni and Khobistsqali. Subsequently, alluviation transformed the lagoon into a delta plain 
with wetland-dominated sections, characterised by peat bogs, and sections with fine-
grained alluvium. Depending on the location within the delta area, this transformation took 
place between 3500 and 1500 cal BC. Today, a substantial part of the area is still occupied 
by wetlands with peat bogs and forests, while other parts remain open waters or have been 
transformed into farmland. 
As for the sea-level evolution, no evidence for significant oscillations of the local relative 
sea level was found, in particular no regression-transgression cycles as suggested by Bala-
banov (2007). Instead, our results point to a progressively and moderately rising sea level, 
with decelerated speed since 3000-2000 BC. This evolution resembles sea-level curves 
inferred for the Taman Peninsula (Brückner et al., 2010; Kelterbaum et al., 2011; Fouache 
et al., 2012). Differences between the curves may potentially reflect different tectonic set-
tings. 
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Against the background of the early establishment of a permanently changing delta plain, it 
remains difficult to draw conclusions about the possible location for the, as yet, undiscov-
ered location of the ancient city of Phasis. Due to the persistence of extended peat bogs 
and open water bodies, a location close to the Rioni, for example on a palaeo-levee of the 
river, seems likely. However, ancient reports locate Phasis south of the Rioni (Gamkrelidze, 
1992, 2012; Lordkipanidze, 2000; Korenjak, 2003). Further investigations, including geo-
physical surveying techniques to detect subsurface palaeochannels of the Rioni, are 
needed to find the lost city of Phasis. 
Based on this study, future research will reveal more details about Georgia's sea-level 
curve, thereby making an important contribution to the ongoing debate on the sea-level 
evolution of the Black Sea throughout the Holocene. Plus, the peat bogs to the north of the 
Rioni and the Lake Paliastomi are promising archives for palynological studies and will add 
new information on Georgia's Holocene vegetation history. 
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2.9 Appendix – Sublementary data.  
2.9.1 Sample preparation for luminescence (IRSL) dating 
The following sample preparation and luminescence measurements were carried out in the 
Cologne Luminescence Lab (CLL) under subdued red light. After HCl, H2O2 and Na4O7P2 
treatments to remove carbonates, organics and clay contents, gravity separation was car-
ried out using heavy liquid solutions (sodium polytungstate; ρ1 = 2.68 g/cm3, ρ2 = 2.62 g/cm3, 
ρ3 = 2.58 g/cm3) in order to separate coarse-grained (100-200 µm) quartz and feldspar. All 
measurements were carried out on an automated Risø TL/OSL DA 20 reader equipped with 
a 90Sr/90Y beta source delivering 0.08 Gy/sec.  
Quartz is commonly used to date Holocene deposits due to its ubiquity and a generally 
stable signal for dating young deposits. However, in this study, potassium-rich feldspars 
were preferred for dating because of inappropriate luminescence properties of the quartz 
(e.g. low signal intensities). Nonetheless, feldspar can exhibit anomalous fading, which is 
defined as a signal loss due to leakage of electrons at room temperature. This can cause 
an age underestimation (see Wintle, 1973; Lamothe and Auclair, 1999; Balescu et al., 2001; 
Huntley and Lamothe, 2001). To include the effect of anomalous fading in the age calcula-
tion, several sub-samples were tested and measured to observe a possible decrease in the 
IRSL response over time, following Auclair et al. (2003). Indeed, a signal loss was detected 
in all sub-samples. The g-values (1.9 and 1.3 %/decade) were calculated for the samples 
KUL 1/4 and KUL 2/2. Thus, the fading was corrected by using the procedure proposed by 
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Huntley and Lamothe (2001), as the equivalent dose was derived using linear parts of the 
growth curve. The resulting ages are given both with uncorrected and fading corrected val-
ues. The fading correction for sample KUL 1/2 refers to the g-value of KUL 1/4, and the 
fading correction for sample KUL 2/1 was conducted using the g-value of KUL 2/2 (Tab. 
2.2). 
For the feldspar measurements an infrared stimulation (880 ± 80 nm) and an interference 
filter (410 nm) were used. All measurements were carried out following the single aliquot 
regenerative dose protocol (SAR) after Murray and Wintle (2000, 2003) and Wallinga et al. 
(2000). Due to the preheat plateau test, which indicated no plateau building at higher tem-
peratures, a preheat temperature of 180 °C was chosen. Each aliquot was thus preheated 
at 180 °C (according to combined preheat-plateau-dose-recovery-tests) for 10 sec and then 
measured for 300 sec at 50 °C (IRSL 50 protocol after Wallinga, 2000).  
To calculate the annual dose rate derived from the decay of lithogenic radionuclides in the 
sediments, the concentrations of uranium, thorium and potassium were determined by la-
boratory high-resolution γ-spectrometry using the software DRAC by Durcan et al. (2015). 
The conversion factors of Adamiec and Aitken (1998), and α- and ß- attenuation factors of 
Bell (1979) and Mejdahl (1979) were applied. Following the approach of Prescott and Hutton 
(1994) the cosmic dose rate was calculated. An internal radiation of 12.5 ± 0.5 % potassium 
(Huntley and Baril, 1997) and an α-efficiency factor of 0.07 ± 0.02 (Preusser et al., 2005) 
were assumed for feldspars.  
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Abstract 
Situated between the rivers Enguri in the north and Khobistskali in the south, more than 30 
settlement mounds (locally named Dikhagudzuba) provide evidence for a relatively densely 
populated landscape in the coastal lowlands of Western Georgia during the Bronze Age. 
Compared to older mounds in Eastern Georgia and other regions, these mounds differ not 
only in age but also in their average size and spatial distribution. Based on the interpretation 
of 9 sediment cores, drone survey and Structure-from-Motion photogrammetry techniques, 
our study aims at (i) establishing a chronostratigraphic framework for the mounds based on 
14C datings; (ii) reconstructing possible phases and gaps in human occupation; (iii) deter-
mining potential source areas of the mounds’ construction material; and (iv) identifying the 
environmental conditions at the time of their use. The three investigated mounds are similar 
in dimension and stratigraphy. Anthropogenic layers could clearly be identified and sepa-
rated from the natural alluvial deposits below. According to the 14C age estimates, the 
mounds date to the first half of the 2nd millennium BC; this confirms the archaeological in-
terpretation of their Bronze Age origin. While only one construction phase is assumed for 
two of the mounds, stratigraphic findings suggest a successive enlargement of a third 
mound over at least 470 years. The palaeoenvironmental conditions in the vicinity of the 
mounds were dominated by swampy, fluvial (channel) to alluvial (overbank) processes, as 
attested by river-bank deposits and flood-plain alluvium.  
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3.1 Introduction 
Settlement mounds are dwelling forms consisting of mud-based and typically cone-shaped 
anthropogenic accumulations, which represent prehistoric and early historic settlements 
(Menze, Ur, & Sherratt, 2006). While the term tell refers to a settlement mound which de-
velops passively by the gradual accumulation of occupation debris (Darvill, 2008; Menze, 
Ur, & Sherratt, 2006), the term settlement mound also summarises forms such as terps, 
warfts or platform mounds, which were intentionally built for various reasons (Lindauer & 
Blitz, 1997; Ervynck et al., 2012). Most settlement mounds have a Neolithic to Chalcolithic 
age (Steadman, 2000); however, the Tell es-Sultan at Jericho, probably the oldest known 
settlement mound worldwide, dates back to approximately 11000 BC (Rosenstock, 2010). 
From the beginning of the Pre-Pottery-Neolithic to the beginning of the Bronze Age, settle-
ment mounds in their different forms spread from the Fertile Crescent throughout the East-
ern Mediterranean, the entire Near East and different parts of Europe (Lubos et al., 2011). 
While many sites in Anatolia, Thessaly and the Balkan region have been investigated in the 
last years (Parkinson & Gyucha, 2012), relatively few studies have been undertaken in the 
regions north and east of the Fertile Crescent (Hansen, Mirtskhulava, & Bastert-Lamprichs, 
2007).  
However, a number of settlement mounds are known from the Caucasus region as well. 
They provide insights into the early human occupation of Georgia. The protected location 
between the Greater and Lesser Caucasus and the mild climate have always favoured hu-
man occupation and allowed an early transition from hunting and gathering cultures to farm-
ing and animal husbandry (Lordkipanidze, 1991). While in the eastern part of Georgia set-
tlement mounds are of similar (i.e., Neolithic/Chalcolithic) age compared to sites from Ana-
tolia or the Balkan region (Hansen, Mirtskhulava, & Bastert-Lamprichs, 2007), the mound 
constructions of the Colchis region in the west of Georgia (local name Dikhagudzuba) are 
reported to have a younger age, and differ also in their smaller size and their dense distri-
bution. Archaeological surveys identified more than 30 mounds in the area between the 
rivers Enguri in the north and Khobistskali in the south (Figure 3.1). The existing chronology 
of the known settlement mounds is only based on archaeological findings, which point to a 
Bronze Age origin (Fähnrich, 2010). However, only limited information on their internal 
structure and their palaeoenvironmental context is available, and a detailed chronostratig-
raphy is still lacking (Lordkipanidze, 1991). Therefore, there is no information whether these 
mounds were intentionally constructed or not, whether they accumulated during multiple 
occupation phases, or whether they can be compared to known sites from Eastern Georgia, 
Anatolia or the Balkan region. 
   Chapter 3 
62 
 
 
Figure 3.1A: Overview of the oc-
currence of settlement mounds in 
the Colchian plain (Colchis) in 
Western Georgia. The map is 
based on Aster digital shaded 
model – from Aster global digital 
elevation model 30 m (NASA) – 
and was created in Esri ArcGIS 
10.2.2. 
Figure 3.1B: Overview of the re-
search area of the settlement 
mound Ergeta 1 and the sites 
where sediment core drillings 
were conducted (indicated by red 
dots). The circular ditch that was 
dug by the recent landowner and 
encompasses the mound is 
clearly visible. (Google Earth Im-
age © 2016 Digital Globe. Map 
created in Esri ArcGIS 10.2.2). 
Figure 3.1C: Overview of the re-
search area with locations of the 
two neighbouring settlement 
mounds Orulu 1 and Orulu 2 and 
sites of core drillings (red dots). 
The circular swamp belt around 
the mound Orulu 1 is well visible 
due to the absence of trees. 
(Google Earth Image © 2016 Dig-
ital Globe. Map created in Esri 
ArcGIS 10.2.2). 
 
 
Against this background, this paper investigates three of the most representative settlement 
mounds and their surroundings, located close to the villages of Ergeta and Orulu (Figure 
3.1). Based on vibracores taken from the top, slopes and the direct vicinity of the studied 
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mounds, geochemical and sedimentological analyses were conducted to determine ele-
ment concentrations (XRF), granulometry, and organic contents (C/N) of the different strat-
igraphic layers. Furthermore, we used drone survey and Structure-from-Motion photogram-
metry techniques in order to calculate the mounds’ dimensions and the sediment volumes 
needed for the formation of these anthropogenic features. Our investigations aimed at (i) 
establishing a chronostratigraphic framework for the mounds based on 14C dating; (ii) iden-
tifying the time of initial construction and possible phases and gaps in human occupation; 
(iii) identifying the spatial extent of the mounds and potential source areas of the construc-
tion material; and (iv) reconstructing the environmental conditions at the time of their occu-
pation. 
 
3.2 Regional Setting  
3.2.1 Physical Setting 
The Colchian plain is a coastal lowland region bordered by the slopes of the Greater Cau-
casus in the northeast and the Lesser Caucasus in the southeast. To the west, the Black 
Sea coast extends from north to south. In the east, the Likhi range forms the easternmost 
limit of the plain (Eppelbaum & Keshin, 2012).  
The Colchian plain is a back-arc marginal extensional basin, which is located in a continent-
continent-collision zone, triggered by the northward drift of the Arabian plate (Yılmaz, Ada-
mia, & Yılmaz, 2013). It forms a part of the complex of the Alpine-Himalayan collision belt 
system, and the mountains' uplift can be dated to Middle Pliocene Alpine orogeny (Adamia 
et al., 2011). The Caucasus consists mainly of Mesozoic to Neogene sedimentary rocks of 
marine origin, ophiolithes and, especially in case of the Lesser Caucasus, additional ande-
sitic pyroclastica and effusiva (Mitchell & Westaway, 1999) as well as gneiss and granite 
intrusions (Yılmaz, Adamia, & Yılmaz, 2013). In contrast, the geologic basement of the 
Colchian plain primarily comprises of Cretaceous and Paleogene sediments and volcano-
clastics (Bazhenov & Burtman, 2002), overlain by Quaternary molasses and river terraces 
(Adamia et al., 2011) which were finally shaped during the LGM (Gobejishvili, Lomidze, & 
Tielidze, 2011).  
As a part of the Black Sea coast of Georgia, the Colchian plain has undergone significant 
morphological changes induced by large-scale sea level rise and considerable accumula-
tion of fluvial and alluvial sediments during the Holocene. In particular, since the reconnec-
tion of the Black Sea with the Mediterranean Sea ~7400-6400 BC (Ryan, 2007; Giosan, 
Filip, & Constantinescu, 2009; Lericolais et al., 2009), the water table rose significantly until 
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it nearly reached its current position around 3000 BC (Giosan et al., 2006; Kelterbaum et 
al., 2012; Fouache et al., 2012). In coastal Georgia, extensive back-barrier areas were 
mainly silted up by fluvial sediments; they changed between 3000 and 1500 BC from open 
lagoons to swampland and peat formations (Laermanns et al., 2017). 
Today, the natural landscape of the coastal plain is dominated by extensive wetlands con-
sisting of numerous rivers of different size, shallow lakes, swamps, peat bogs, open reed 
areas and low forests. The region's climate is characterized by high precipitation (more than 
2000 mm/a) and mild temperatures including the absence of regular winter frosts (Denk, 
Frotzler, & Davitashvili, 2000). The natural wetland areas have been reduced by centuries 
of deforestation and drainage activity (de Klerk et al., 2009). Although extensive wetland 
areas remain under protection, e.g. in the Kolkheti National Park in the central part of the 
Colchian plain, large areas north of the Khobistskali river have been cultivated. Due to the 
high groundwater, agriculture depends on an extensive drainage system of ditches and 
ridge-and-furrow fields (Nikolaishvili, Elizarbarashvili, & Meladze, 2011). Due to the severe 
agricultural overprint, the natural landscape with its numerous small river courses is heavily 
converted in these parts of the plain. 
 
3.2.2 Human Occupation and Archaeological Background 
Settlement mounds have their origins in the Fertile Crescent and are closely associated 
with the Neolithic Revolution, when hunter-gatherer communities adopted farming and ani-
mal husbandry (Parkinson & Gyucha, 2012). The most important reasons for a continuous 
settlement site may have been the increasing dependence on domestic plants and animals 
and the related reduction in the communities' mobility (Parkinson & Gyucha, 2012). During 
the Pre-Pottery Neolithic in the 8th to 7th millennium BC, settlement mounds spread from the 
core area in the Fertile Crescent throughout several parts of the Old World, especially from 
the Near and Middle East to the Balkan region and Central Europe (Hansen, Mirtskhulava, 
& Bastert-Lamprichs, 2007; Rosenstock, 2010; Lubos et al., 2011; Parkinson & Gyucha, 
2012). Depending on the environmental and societal contexts, the settlement mounds pre-
sent regional disparities not only in terms of intentional or non-intentional formation. Notably, 
they can differ in size, spatial and historical occurrence, their proximity (isolated or grouped) 
and phases of occupation, with continuously occupied sites, e.g. in Thessaly (Parkinson & 
Gyucha, 2012), or temporary or reoccupied sites with significant phases of abandonment, 
e.g. in the Great Hungarian Plain (Raczky & Anders, 2008).  
The oldest known settlement mound north of the Fertile Crescent, the tell of Çatalhöyük, is 
located in Anatolia close to Konya and dates back approximately to the mid-8th millennium 
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BC (Hodder, 2005). Further settlement mounds in Middle and West Anatolia occur at a 
similar time, between the early 7th and the early 6th millennium BC (Çilingiroğlu, Çevik, & 
Çilingiroğlu, 2012). Other famous associated sites of comparable age are Ulucak Höyük ca. 
20 km east of Izmir (Çilingiroğlu, Çevik, & Çilingiroğlu, 2012), Çukuriçi Höyük and Arvalya 
Höyük near Selçuk/Ephesos (Horejs, 2012; Stock et al., 2015) and Barcın Höyük 
(Groenhuijzen et al., 2015). All of these mounds are located in fertile plains in proximity to 
the coast and a mountainous hinterland, and are thus located in a strategically important 
position.  
For the territory of Georgia, Neolithization began between 10000 and 9000 BC (Arslanov, 
Dolukhanov, & Gei, 2007). It is assumed that the transition from hunting and gathering to 
farming and animal husbandry took place in a fluid transition, which persisted until the Chal-
colithic (Fähnrich, 2010). Even though metallurgy was known, tools of flint, obsidian and 
bone remained predominant. While settlements in Eastern Georgia date at least to the 6th 
millennium BC, e.g. the settlement mound of Aruchlo (Hansen, Mirtskhulava, & Bastert-
Lamprichs, 2007), the oldest settlements in Western Georgia are much younger: The two 
oldest settlements – the site of Ispani (Connor, Thomas, & Kvavadze, 2007; de Klerk et al., 
2009; Papuahsvili, & Papuashvili, 2014), located close to the town of Kobuleti, and the site 
of Ontskoshia (Janelidze & Tatashidze, 2010) in the vicinity of the town of Anaklia at the 
river mouth of the Enguri (Figure 3.1A) – are both located in the Colchian plain (also known 
as Colchis) ca. 1-2 km east of the coastline. They were radiocarbon-dated to the mid-3rd 
millennium BC, i.e. the transition between the Chalcolithic and the Early Bronze Age in this 
region (Lordkipanidze, 1991).  
With the beginning of the Bronze Age in the 3rd millennium BC, different cultural expressions 
emerged (Greppin, 1991). While in Eastern Georgia the so-called Mtkwari-Araxes (also 
known as the Kura-Araxes) culture spread to further areas of Transcaucasia, the Chalco-
lithic culture in the coastal areas of the west continued. In both East and West Georgia, 
settlement mounds of that time were discovered and associated with the transition to farm-
ing and animal husbandry (Lordkipanidze, 1991; Fähnrich, 2010). In eastern Georgia, no-
mad tribes superseded the Mtkwari-Araxes culture and were later replaced by the Trialeti 
culture, the predecessor of the Iron Age Iberian culture. Due to these multiple and sudden 
changes (Kohl, 2001), many sites, such as the settlement mound Aruchlo I reveal several 
population gaps between initial and later occupation, which are often superimposed on older 
layers (Hansen, Mirtskhulava, & Bastert-Lamprichs, 2007).  
In contrast, the settlement mounds and areas in the western parts of Georgia are reported 
to remain populated, without any known hiatus or sudden change in Bronze and Iron Age. 
There, settlement mounds occurred in groups and contained wooden housings with a round 
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ground plan (Lordkipanidze, 1991; Tsetskhladze, 1997; Sens, 2009; Fähnrich, 2010). Often 
the artificial mound formed the centre of a bigger settlement system, surrounded by one or 
two moats and wooden fortifications. These are attested from the 5th century BC onwards 
in Hippocrates’ treaty On the Airs, Waters, and Places (§15, Jouanna, 1996), as well as in 
the Anabasis of Xenophon. On his way back to Greece through northern Anatolia, Xeno-
phon met the people of the Mosynoikoi, i.e. “those living in wooden towers”, mosynes (Anab-
asis 5.4.31-34; cf. also Diodorus Siculus 14.30.6-7; see Dan 2014, 2016). The dwelling form 
of wooden constructions on hill-site positions continued while Colchis came under the in-
creasing influence of Mithridates VI Eupator (late 2nd to early 1st century BC), and subse-
quently, from 63 BC, of the Roman Empire, until the end of the Byzantine occupation of 
Lazica, and even further on (Braund, 1994). Most of the identified mounds are located be-
tween the rivers Enguri and Khobistskali (Figure 3.1). However, some further mounds were 
discovered on the middle course of the Rioni, close to the town of Partskhanaqanevi. During 
the Soviet era, some of these sites were excavated, e.g. the site of Dikhagudzuba (Ergeta 
1), which is eponymous for the local name of Colchian settlement mounds in general 
(Gamkrelidze, 2012).  
 
3.2.3 Research Area 
The investigations presented in this study focus on three settlement mounds located in the 
central part of the research area (Figures 3.1 & 3.2), between the rivers Enguri and 
Khobistskali. They were chosen based on their representative morphology, location and 
accessibility for fieldwork. The recent use of some mounds, e.g. as construction ground or 
(modern) cemetery, limited the possible sites for investigation including vibracoring.  
Mound Ergeta 1 (Figure 3.1B) is located in a meadow ca. 1.5 km west of the centre of the 
small village of Ergeta (Figures 3.1, 3.2, 3.4; coordinates: E 41.645059, N 42.375279, peak 
altitude: 9.72 m above sea level (a.s.l.), diameter: ca. 40 m, construction height: ca. 5.75 
m). It is covered by grass, open scrub and scattered hazel. Ergeta 1 is surrounded by a 
ditch of several decimetres depth, which runs for a distance of ca. 25 to 45 m around the 
mound. 
The two mounds Orulu 1 and Orulu 2 (Figure 3.1C) are located 2.5 km east-northeast of 
Ergeta 1 in the village of Orulu. Mound Orulu 1 (coordinates: E 41.710186, N 42.394191, 
peak altitude: 15.39 m a.s.l., diameter: ca. 40 m, construction height: ca. 4.3 m) is covered 
by a hazel plantation and reveals traces of a former excavation. It is surrounded by a ca. 10 
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to 15 m wide circular swamp which adjoins directly to the hill foot. Mound Orulu 2 (coordi-
nates: E 41.708131, N 42.393303, peak altitude: 13.19 m a.s.l., diameter: ca. 35 m, con-
struction height: ca. 2.85 m) is also used as a hazel plantation. It is surrounded by a small 
ditch (depth <40 cm), located directly in front of the hill foot and reaching a maximum width 
of 1.5 m. The distance between the two mounds (measured from top to top) amounts to 
approximately 240 m.  
 
Figure 3.2: Photos of the mounds 
(A) Ergeta 1, (B) Orulu 1, and (C) 
Orulu 2. (Photos: Kelterbaum and 
Laermanns 2015). Orulu 1 (B) is 
surrounded by a wide swampy 
moat. The mounds Ourlu 1 and 
Orulu 2 (B & C) are used for hazel 
plantation. Due to the elevated lo-
cation the dry ground benefits the 
cultivation in the otherwise 
swampy surrounding.  
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3.3 Methods 
3.3.1 Fieldwork 
Fieldwork included on-site surveys to locate settlement mounds identified in satellite images 
(Google Earth images, © 2014 Digital Globe) and described in archaeological sources (e.g. 
Lordkipanidze, 1991; Tsetskhladze, 1997; Gamkrelidze, 2012). The stratigraphic analysis 
and geochemical interpretation is based on sediment cores, which were taken using a Co-
bra TT (Atlas Copco) percussion coring device (Figure 3.3A). Half-open cores had diame-
ters of 6 and 5 cm (Figure 3.3B), and were retrieved using a hydraulic pulling device. A 
maximum depth of 12 m below surface (b.s.) was achieved. Core analysis consisted of the 
description of sediment texture, colour (with Munsell Soil Color Charts©), and CaCO3 test 
(with HCl, 10 %) of the different layers. Samples were taken from sedimentary units verti-
cally every 10 to 20 cm throughout the settlement layers and every 20 to 40 cm for the other 
parts of the core.  
At each of the three mounds, one drilling was performed on the top of the mound. The 
sediment cores will be presented in detail in the following chapters (ERG1-1, ORU1-1, 
ORU2-1; Figures 3.1, 3.4 to 3.6). Furthermore, a core was taken from the slope of each 
mound (ERG1-2, ORU1-2, ORU2-2; Figures 3.1 & 3.10), and in the case of mounds Ergeta 
1 and Orulu 2, a third core close to the foothill was drilled (ERG1-3, ORU2-3; Figures 3.1, 
3.10). A supplementary core (ORU3) was taken from the farmland between Orulu 1 and 
Orulu 2 (Figures 3.1, 3.7, 3.10). The elevation of cores and topographical transects was 
measured using a Topcon Hiper V DGPS with a 3D resolution of 2 cm. 
 
3.3.2 Geochemical and Sedimentological Analyses 
All laboratory analyses were conducted at the Geoscience Laboratory of the Institute of 
Geography, University of Cologne. The samples were dried at 40 °C in a drying chamber 
for 48 h. Subsequently they were sieved <2 mm and crushed gently with a mortar to disin-
tegrate the aggregates.  
For the fine-grained fraction (<2 mm) of all samples, granulometric analyses were per-
formed in 116 channels from 0.04 to 2000 m with a Laser Diffraction Particle Size Analyzer 
(LS 13320 Beckmann CoulterTM). Before measurement, organic matter was removed by 
hydrogen peroxide (H2O2, 15 %).The samples were pre-treated with sodium pyrophosphate 
(Na4P2O7, 46 g/l) to avoid coagulation, and shaken for at least 12 hours in an overhead 
shaker. Each sample was measured three times using the optical Fraunhofer model.  
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Figure 3.3A: Drilling procedure with the Atlas Copco Cobra at the site of sediment core ORU1-1 on 
the top of the settlement mound Orulu 1 (Photo: Heisterkamp 2015). B: Sediment core ORU1-1 in 
the half-open m long tubes from the surface (left side of the uppermost tube No. 1) to the maximum 
depth (right side of the lowermost tube No 7). Due to its poriferous and organic rich texture the topsoil 
was compacted during the drilling process (Photo: Laermanns 2015). C: Flint flake taken from sedi-
ment core ORU2-1 (settlement mound Orulu 2) at a depth of 1.62 m b.s. (Photo: Laermanns 2015). 
 
Grain-size parameters are based on Folk & Ward (1957) and were calculated by GRADI-
STAT software version 8 (Blott & Pye, 2001).  
Contents of total carbon (TC), total organic carbon (TOC), and nitrogen (N) were determined 
using a Vario EL Cube (Elementar Analysensysteme GmbH, Hanau, Germany). Before 
measurement the sample material was ground and homogenized using an automatic ball 
grinder (Retsch MM 400). Total inorganic carbon content was dissolved using 10 % HCl in 
a second aliquot of each sample, before TOC was determined. The ratios of the TOC and 
N contents were determined following the method of Meyers & Teranes (2001) and will be 
specified in the following text and figures under the conventional labelling "C/N ratio".  
To estimate the element concentrations, X-ray fluorescence (XRF) analysis was performed. 
The ground and homogenized material was pressed into 2-mm-thick pellets, and measured 
with a portable XRF analyser (NITON XL3t). Each sample was measured three times in 
mineral mode for 160 sec to cover all possible filter options.  
Principal Component Analysis (PCA) was applied using the PAST software (version 3.1.1; 
Hammer, Harper, & Ryan, 2001). The standardized values and standard deviation of the 
laboratory results were calculated and altogether five parameters were used: concentra-
tions of Zn, Cu and P served as marker for human influence, Ca was considered as a natural 
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component of the sediment, and the mean grain size helped to differentiate between low- 
and high-energetic depositional environments, e.g. alluvial vs. fluvial (Oonk, Slomp, & Huis-
mann, 2009; Dirix et al., 2015). The distribution of the data was explained by the first two 
components (PC 1: 44.8 % and PC 2: 25.1 %).  
 
3.3.3 Dating Techniques 
Twelve samples (plant remains and charcoal) from cores ERG1-1, ORU1-1 and ORU2-1 
were chosen for radiocarbon dating (see Table 3.1 for details), with five samples from 
ERG1-1, four samples from ORU1-1 and three samples from ORU2-1. All samples derive 
from charcoal remains or terrestrial plants. All ages were calibrated using CALIB 7.1 soft-
ware and IntCal13 data set (Stuiver & Reimer, 1993; Reimer et al., 2013).  
 
3.3.4 Remote Sensing 
In case of mound Ergeta 1, which seems to be less affected by human activities at present, 
close-range aerial photogrammetric images were taken. Therefore, six white poles were 
placed on the site and measured by DGPS to serve as Ground Control Points (GCP) to 
ensure precise georeferencing of the created model (Westoby et al., 2012). During the 
drone flight, 101 overlapping photos were taken of the settlement mound and its adjacent 
area, using a Nikon Coolpix camera with 16 MP 1/2.3" CMOS sensor that already includes 
coordinates and elevation above sea level of every photo. 
To create a digital surface model (DSM) and a RGB orthophoto-mosaic of the settlement 
mound and its adjacent area, Structure-from-Motion techniques (SfM), a photogrammetric 
method for obtaining high-resolution datasets at a range of scales (Westoby et al., 2012), 
were applied by using Agisoft PhotScan 1.2.4. Correlating feature points between overlap-
ping 2D images were detected and used to calculate the position and orientation of the 
camera at the moment of image acquisition (Verhoeven, 2011; Plets et al., 2012). To miti-
gate system errors, especially vertical offset, the created model was subsequently refer-
enced with DGPS data. By manual identification, the correlating of the GCPs transformation 
from a relative to an absolute coordinated system was achieved and a meshed 3D surface 
was generated without any additional software needed for triangulation of the dense point 
cloud and orthomosaic generation (Westoby et al., 2012). 
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The DSM and the orthophoto were exported and further analyzed with ArcGIS software, 
namely with the Spatial Analysis module and the Grid Calculator toolbox, in order to calcu-
late the area and volume of the settlement mound and potential source areas of the mound 
material. 
 
3.4 Results 
3.4.1 Sedimentology and Stratigraphy  
3.4.1.1 Sediment Core ERG1-1 
The core ERG1-1 was taken from the top of the mound Ergeta 1 (Figures 3.1B, 3.4). From 
12 to 10.71 m b.s. the core contains heterogeneous fine to medium sand (mean grain size 
31-116 μm) which is characterized by low element concentrations of C, N, Zn, Cu and Pb. 
The Ca/Fe and Ca/K ratios reach levels of 0.4 (Ca/Fe) and 0.8 (Ca/K).  
 
Figure 3.4: Facies interpretation, granulometry, geochemistry and 14C age estimates of the sediment 
core ERG1-1 from the top of the settlement mound Ergeta 1. It represents the natural floodplain 
stratigraphy of alternating alluvial and fluvial sediments in the lower part and the settlement layers in 
the upper part.  
 
 
   Chapter 3 
72 
 
The subsequent layer (10.71-9.45 m b.s.) consists of well sorted clayey silt (mean grain 
size ≤6 μm). In contrast to the preceding layer, there are higher values of N and C while 
metal ion concentrations remain at a low level, and Ca/Fe and Ca/K ratios are significantly 
lower. Subsequently, heterogeneous silty sand to sandy silt with a mean grain size between 
10 and 50 μm reveals certain similarities to the lowermost strata in its geochemical compo-
sition in terms of increased S contents (~250-670 ppm), elevated Ca/Fe (0.47-0.74) and 
Ca/K ratios (0.96-1.56), and low C and N concentrations. 
Well-sorted, gray silt (mean grain size <8 μm) was deposited between 6.62 and 4.17 m b.s. 
In the lower part of this core section, high and subsequently decreasing Ca/K and Ca/Fe 
ratios and S values are noticeable. However, intercalating sandy silt between 5.81 and 5.71 
m b.s. shares characteristics with the layer below.  
The uppermost part of the core, between 4.17 m b.s. and the surface, contains a succession 
of silt-dominated (mean grain size 6-22 μm) layers which are clearly distinguishable by their 
colour (in general light brownish gray to pale orange) and their content of burnt clay flitters, 
charcoal remains, and angular to subangular stones. This unit clearly differs from the other 
ones in terms of the higher concentrations of Zn, Cu and Pb, increased P and generally low 
S values, as well as low Ca/K and Ca/Fe ratios. Some remarkable turning points in the 
geochemistry subdivide layers of this unit at 3.68 m, 2.31 m and 1.44 m b.s. which coincide 
with the layers with and without an enrichment of brick and charcoal remains. The upper-
most subunit is characterized by a Pb peak, decreasing P values as well as Ca/Ka and 
Ca/Fe ratios; N and C concentrations rise in the uppermost 50 cm.  
 
3.4.1.2  Sediment Core ORU1-1 
The lowermost stratum of core ORU1-1 (7.00-6.67 m b.s.; Figure 3.5), taken close to the 
top of mound Orulu 1 (Figure 3.1C), is composed of homogeneous gray sand (mean grain 
size 20-80 μm) which is clearly separated from the subsequent silt (mean grain size <10 
μm) between 6.67 and 3.46 m b.s. While sediments are well sorted between 6.67 and 5.61 
m b.s. and contain reed remains coincident with high C/N ratios, the upper part of this unit 
is void of coarse plant fragments. A significant peak of C, N and S values occurs at 4.88 m 
b.s. The overlying strata consist of several layers of light brownish gray silt (slightly in-
creased mean grain size between 7 and 15 μm) which are characterized by fluctuating 
amounts of burnt clay, charcoal fragments and several small stones. Beside the different 
colour and scattered anthropogenic macro remains, contents of S and ratios 
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Figure 3.5: Facies interpretation, granulometry, geochemistry and 14C age estimates of the sediment 
core ORU1-1 from the top of the settlement mound Orulu 1 (legend see Fig. 3.4). In the small lower-
most section the natural floodplain stratigraphy of alluvial and fluvial strata occurs while the upper 
part consists of the settlement layers.  
 
of Ca/K and Ca/Fe remain at constantly low levels, the content of P rises steadily towards 
the surface, and Zn and Cu values peak at 3.47 and 1.33 m. b.s. up to 306 and 260 ppm, 
respectively. The uppermost 50 cm of the core are characterized by a grayish brown colour 
and a sudden increase in N and C.  
 
3.4.1.3  Sediment Core ORU 2-1 
ORU2-1 was taken from the top of mound Orulu 2 (Figures 3.1C, 3.6). From the base of the 
sediment core at 5 m to 4.53 m b.s. it is composed of grayish silty fine sand (mean grain 
size ~30 μm). The section is characterized by poor sorting, low values of S, C and N, and 
high values of Ca/K and Ca/Fe. The subsequent silt layers (4.53-2.69 m b.s.) are
 
Figure 3.6: Facies interpretation, granulometry, geochemistry and 14C age estimates of the sediment 
core ORU2-1 from the top of the settlement mound Orulu 2 (legend see Fig. 3.4). The core is domi-
nated by settlement layers. Only in the lowermost part the natural strata of the floodplain was 
reached. 
 
   Chapter 3 
74 
 
light gray in colour, and have decreasing Ca/K and Ca/Fe ratios. In the lower part of the silt 
layers (4.53-4.00 m b.s.), various plant remains and relatively high values of S (up to 573 
ppm) and N occur, which are absent in the upper part (except from 3.50 to 3.27 m b.s.).  
From 2.69 m b.s. to the surface, several light (brownish) gray layers of changing charcoal 
flitter content (also reflected in TOC), and burnt clay fragments are present. A plant-rich 
zone with poor sorting and higher Cu, Zn and P concentrations and an elevated C/N ratio 
can be distinguished from the preceding strata. Especially the section between 1.78 and 
1.35 m b.s. reveals peaks of Cu and Zn. In contrast, N, C, S and the mean grain size remain 
at constantly low levels without remarkable changes. At a depth of 1.62 m a flint flake of 3 
cm was detected (Figure 3.3C).  
 
3.4.1.4  Sediment Core ORU3 
The lowermost stratigraphic unit between 12 m to 9.13 m b.s. is composed of homogeneous 
dark gray partly clayey fine silt (Figure 3.7). The mean grain size does not exceed 10 μm 
and, with the exception of a slight increase in Ca/K and Ca/Fe ratios, there are no remark-
able changes in the geochemistry. Between 9.13 and 7.88 m b.s., alternating sandy silt to 
silty fine sand reveal a more heterogeneous and coarser mean grain size (6-65 μm) but no 
significant difference from the previous layer in their geochemical composition.  
Above, the sedimentary succession is characterized by gray fine silt, with elevated levels of 
S, Ca/K and Ca/Fe between 7.24 and 6.54 m b.s. This section continues until 3.87 m b.s. 
where sand is intercalated. Between 3.53 and 3.28 m b.s., clayey silts, which match the 
previous silts in terms of geochemistry, were deposited. The overlying sand unit (3.28-2.24 
m b.s.) reveals constantly high levels of Ca/K and Ca/Fe, as well as an elevated S concen-
tration, while metal ions and P remain low.  
The poorly sorted silt of the uppermost unit between 2.24 m b.s. and the surface differs from 
the preceding strata. S, Ca/K and Ca/Fe only reach constantly low levels. In contrast, P, Cu 
and Zn, to some extent also N and C, rise. Throughout the whole unit several small frag-
ments of charcoal and burnt clay can be found.  
   Chapter 3 
75 
 
 
Figure 3.7: Facies interpretation, granulometry and geochemistry of the sediment core ORU3 from 
the area between the two mounds Orulu 1 and Orulu 2 (legend see Fig. 4). The natural floodplain 
stratigraphy of alternating alluvial and fluvial sediments is topped by layers with human impact. 
 
3.4.1.5 Other Sediment Cores 
In the area of the mounds Orulu 1 and Orulu 2, three more cores were drilled (Figures 3.1C, 
3.9). Sediment core ORU1-2 was taken from the slope of Orulu 1. It starts with poorly sorted 
clayey silt between 3.00 m b.s. and 1.39 m b.s. (in Figure 3.9A 11.38-9.77 m a.s.l.). The 
upper part is separated by a ca. 6 cm thick layer which consists of flitters of burnt clay and 
charcoal remains, embedded in clayey silts. The layers between 1.33 m b.s. and the surface 
(12.77-11.44 m a.s.l.) are similar to the lower part of the core, although they are slightly less 
sorted and contain charcoal remains.  
Sediment core ORU2-2 was taken at the slope of mound Orulu 2 (Figure 3.9). Its lowermost 
part (3.00-2.00 m b.s., 9.02-8.03 m a.s.l.) consists of loamy silt with several plant fragments. 
Above, a 22 cm thick fine sand layer was deposited, followed by several silt layers. Several 
remains of burnt clay and charcoal can be found in the upper part between 1.31 m b.s. and 
the surface. Another sediment core, ORU2-3, was taken in direct vicinity of mound Orulu 2, 
6 m from ORU2-2 and 3 m from the ditch surrounding the mound. This 2-m-long core con-
sists of loam. While the lower part contains some scattered plant remains, some fragments 
of burnt clay occur in the upper 0.67 m of the core.  
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Two further drillings were performed at mound Ergeta 1 (Figure 3.1B). One sediment core 
(ERG1-2) was taken from the mound's slope, and another one in the plain surrounding the 
mound, ca. 7 m from its base (ERG1-3). The bottom part of ERG1-2 (4-2.51 m b.s.) consists 
of silt; plant fragments are abundant in its lower part. Above 2.51 m b.s., several layers of 
silt with charcoal remains and flitters of burnt clay occur. Sediment core ERG1-3 consists 
of homogeneous, very clayey silt with a lot of large plant fragments between 3 m and 0.89 
m b.s. Above, laminated silts were deposited, which contain charcoal and burnt clay flitters.  
 
3.4.2 Radiocarbon Dating Results 
Altogether 12 samples from the three mounds were dated by 14C-AMS. The results are 
given in the profile figures (Figures 3.4 to 3.7 and 3.9; all data in Table 3.1) with calibrated 
values (2 σ). In case of mound Ergeta 1, five samples from sediment core ERG1-1 were  
 
Table 3.1: Radiocarbon data sheet. Calibration with Calib 7.1 software and IntCal13 data set (Reimer 
et al. 2013, following Stuiver & Reimer, 1993). Dating was carried out at the Poznan Radiocarbon 
Laboratory (lab code: Poz), Poland, and the 14CHRONO Centre, Queens University Belfast (lab code: 
UBA), Northern Ireland, UK. 
Sample ID Lab code 
Depth be-
low sur-
face (m) 
Material 
δ13C 
(‰) 
Conven-
tional 14C-
age BP 
Calibrated  
14C-age 
(cal BC), 2 σ 
ERG1-1/10 Poz-83123 1.72 charcoal -19.2 3245 ± 30  1611-1447 BC 
ERG1-1/17 Poz-83124 3.60 charcoal -19.5 3265 ± 35 1623-1452 BC 
ERG1-1/21 Poz-83125 4.48 charcoal -19.3 3495 ± 35 1912-1698 BC 
ERG1-1/32 Poz-83126 6.75 wood -22.3 3760 ± 30 2286-2044 BC 
ERG1-1/48 Poz-83127 10.89 wood -22.4 4490 ± 50  3358-3024 BC 
ORU1-1/3 Poz-83128 0.67 charcoal -22.6 3065 ± 30 1412-1234 BC 
ORU1-1/20 Poz-83130 3.39 charcoal -24.3 3590 ± 30 2027-1884 BC 
ORU1-1/36 Poz-83131 5.86 plant remains -18.1 3845 ± 35 2457-2204 BC 
ORU1-1/41 Poz-83169 6.73 plant remains -32.6 3715 ± 35 2205-1982 BC 
ORU2-1/4 UBA-30020 0.68 charcoal -22.3 3497 ± 32 1907-1700 BC 
ORU2-1/9 UBA-30021 1.77 charcoal -24.9 3550 ± 31 2008-1772 BC 
ORU2-1/25 UBA-30022 4.26 wood -26.0 3891 ± 41 2474-2210 BC 
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dated. The lowermost sample derives from the upper boundary of the sand layer at 10.89 
m b.s. and dates to 3358-3024 B.C. (ERG1-1/48). The four other samples were taken from 
strata below (ERG1-1/32: 2286-2044 B.C.; ERG1-1/21: 1912-1698 BC) and within (ERG1-
1/17: 1623-1452 BC; ERG1-1/10:1611-1447 BC) the settlement layers at depths between 
6.75 and 1.72 m b.s. They cover a time span from the late 3rd to the mid-2nd millennium BC.  
Samples for radiocarbon dating were also taken from both mounds at Orulu: Four samples 
from ORU1-1 (Orulu 1) at depths between 6.73 and 0.67 m b.s., covering a time span be-
tween the late 3rd millennium the second half of the 2nd millennium BC. In case of mound 
Orulu 2 three samples of core ORU2-1 from depths between 4.26 and 0.68 m b.s. were 
dated, covering a time span from the second half of the 3rd millennium to the first half of the 
2nd millennium B.C. 
 
3.4.3 Statistical Analyses of Sedimentological and Geochemical Data 
Based on the geochemical and granulometric results different bi- and multivariate plots were 
constructed (Figures 3.8A, B) to compare and contrast different facies, and to separate 
natural layers from anthropogenic ones. 
To determine a potential anthropogenic origin of sediment layers comprising the mounds, 
metal ions (Zn, Cu, Pb) and P concentrations were chosen as elements associated with 
human activity (Oonk, Slomp, & Huismann, 2009; Dirix et al., 2015). For a further determi-
nation of the different facies, a statistical tool (PCA) was used based on five parameters 
(Ca, Zn, Cu, P and mean grain size; Figure 3.8A). While an increasing grain size and high 
Ca contents coincide with negative loadings of PC 1, elevated values of P, Zn and Cu cor-
respond to positive loadings of PC 1. The analysed samples of cores ERG1-1, ORU1-1, 
ORU2-1 and OUR3 cluster in three groups: while the first two groups reveal negative values 
of PC 1 and are separated due to differences in grain size (i.e. positive and negative values 
of PC 2), the third sample group is indicated by positive values of PC 1, i.e. these samples 
are characterised by comparatively high P, Zn and Cu contents. For cores ERG1-1, ORU1-
1 and ORU2-1, PC 1 (ERG1-1: 65 %, ORU1-1: 58.3 %, ORU2-1: 78.7 %) was plotted 
against depth. In general, samples taken from the upper part of the mounds’ stratigraphy 
positively correlate with PC 1, while samples from sediment layers reveal decreasing val-
ues. 
In addition, we used the enrichment of Zn as a marker for anthropogenic activity and plotted 
the parameter against Al, which is acknowledged as a general geogenic element often used 
as a normalizer in calculations of enrichment ratios (Walraven et al., 1997; Dung et al., 
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2013) (Figure 3.8B). Even though the Zn/Al ratio shows a distribution in x-direction which 
derives from generally elevated Al values of the samples of core ORU2-1, the graph indi-
cates a clear grading in the Zn contents. Samples with high Zn values correlate with the 
samples which reveal high positive correlation to the PC 1 in Figure 3.8A.  
 
Figure 3.8A: Principal compo-
nent analysis (PCA) of the sam-
ples taken from the cores 
ERG1-1, ORU1-1, ORU2-1 and 
ORU 3. Five PCs were used. 
The spatial distribution is based 
on components 1 and 2 with a 
variance of 44.8 % and 25.1 %, 
respectively (further variances: 
PC 3: 14 %, PC 4: 11.5 %, PC 5: 
4.6 %). The differential cluster-
ing of the three different facies 
types "fluvial", "alluvial" and "an-
thropogenic" is obvious. 
Figure 3.8B: Plot of normalized 
Al and Zn concentrations to de-
cipher the human influence. The 
distribution in x-direction is con-
sidered to be caused by the 
higher content of Al in the sedi-
ment core ORU2-1 (Walraven et 
al., 1997; Dung et al., 2013).  
 
 
3.4.4 Remote Sensing, DSM and volume estimation of Mound Ergeta 1  
Using drone survey and SfM techniques in combination with DGPS information, a total area 
of 0.98 ha could be measured with a ground pixel resolution of 0.01 m of the orthophoto. 
The provided error estimations for the reconstructed 3D model with regards to GCPs are 
less than 0.1 m, thus allowing us to perform high accuracy calculations. Based on the av-
erage elevation of the present surface around the Ergeta mound (DSM resolution 0.05 m), 
estimated to 3.87 m a.s.l., the present-day area and volume of mound Ergeta 1 (Figures 
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3.1B, 3.2A & 3.4) were calculated (Figure 3.10). The mound covers an area of 1241 m² and 
contains a volume of approximately 4205 m³. It is encircled by a wide moat (depth 40-60 
cm) which covers 6610 m2, with a total volume of 355 m3 with respect to the average ele-
vation of the surrounding surface (3.87 m a.s.l.).  
 
3.5 Discussion 
3.5.1 Facies Determination 
Based on the results of the geochemical, granulometric and statistical analyses, the stratig-
raphy of the Ergeta and Orulu cores is characterised by the succession of three different 
facies types. They represent different depositional environments. 
 
3.5.1.1  Facies 1: Fluvial (Channel Deposits) 
In the lower parts of all sediment cores taken from the top of the settlement mounds (ERG1-
1, ORU1-1, ORU2-1), and in large sections of core ORU3 taken between the settlement 
mounds Orulu 1 and Orulu 2 (Figures 3.4 to 3.7), layers void of micro- and macrofauna and 
composed of sandy silt to silty sand with poor sorting (in general values of ~3-5, i.e. poorly 
to very poorly sorted) were found. Low values of N and TOC represent low contents of 
organic matter, while the low C/N ratio probably implies non-terrestrial vascular plants or 
algae (Meyers & Teranes, 2001). Low contents of Cu, Zn, Pb and P indicate the absence 
of anthropogenic activities, e.g. due to metallurgy and agriculture (Nicosia et al., 2013; Miller 
et al., 2014). Considering these characteristics and the sites' location on the floodplain, 
which is dominated by numerous rivers of different size (Figure 3.1A), these sediments can 
be considered fluvial deposits (Sun et al., 2002; Boggs, 2006).  
 
3.5.1.2  Facies 2: Alluvial (Floodplain Deposits/Overbank Deposits) 
Facies 2 forms, together with the interdigitating fluvial sediments of Facies 1, the foundation 
of the mounds, and particularly occurs directly below the settlement strata (Figures 3.4 to 
3.7). It consists of silty clay to clayey silt, which is slightly better sorted in comparison to the 
other facies. The Ca/Fe and Ca/K ratios are lower than in Facies 1, but can still be consid-
ered as aquatic, although the decrease can also be an effect of the smaller grain size (Vött, 
Handl, & Brückner, 2002; Vaněk et al., 2005; Davies, Lamb, & Roberts, 2015). Peaks of S, 
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often accompanied by elevated Fe concentrations, may indicate anoxic conditions (Harff et 
al., 2011; Kylander et al., 2011) which would reflect the varying hydrodynamic conditions 
typical for wetlands with swamp areas and fluctuating freshwater input. The relatively low 
C/N ratios (values of ~8) suggest a dominance of non-terrestrial vascular plant material, 
algae and sphagnum (Meyers & Teranes, 2001). Based on these results Facies 2 is as-
sumed to represent wetland-related deposition, i.e. on an alluvial floodplain with a diverse 
spectrum of swamps, ponds, stagnant water and (flooded) plains. The further lowering of 
S, Ca/Fe and Ca/K in the uppermost parts of Facies 2 can be explained by the increasing 
terrestrial character and the transition to less swampy conditions (Davies, Lamb, & Roberts, 
2015).  
 
3.5.1.3  Facies 3: Anthropogenic 
The grain size of Facies 3 is dominated by silt and clay, similar to the alluvial deposits below. 
Facies 3 occurs in the upper sections of the cores from the centre of the settlement mounds 
where it can be clearly separated (sharp boundary) from the underlying alluvial deposits of 
Facies 2. However, in the uppermost part of ORU3, a more gradual transition from Facies 
2 to Facies 3 is observed, making a clear separation difficult. In contrast to the underlying 
alluvial facies, the samples of Facies 3 are less sorted which might be explained by anthro-
pogenic disturbance. The presence of burnt clay flitters and charcoal suggests possible 
anthropogenic surface or destruction layers (Figures 3.3 to 3.6), though there were no di-
agnostic ceramics, wooden beams or other macro-remains of constructions found. While 
Ca/K and Ca/Fe ratios and S concentrations remain on a continuously low level, suggesting 
terrestrial and non-swampy conditions (Arz, Pätzold, & Wefer, 1998; Kylander et al., 2011; 
Davies, Lamb, & Roberts, 2015), heavy metals (Pb, Cu, Zn) stand out with high concentra-
tions which is expressed in increased values of PCA-Axis 1 and the enrichment of Zn (PC 
1, Figures 3.3 to 3.7). These characteristics may be explained by metallurgy (Guyard et al., 
2007; Oonk, Slomp, & Huismann, 2009; Miller et al., 2014). The selective peaks of Pb, in 
contrast to the rather uniform pattern of higher Cu and Zn values, can be explained by the 
different mobility of the elements (Vaněk et al., 2005). The elevated P values indicate agri-
culture and animal husbandry (McLauchlan, 2006; Corella et al., 2012; Nicosia et al., 2013). 
Due to the relatively immobility of P, in both organic and inorganic forms, it can persist for 
centuries to millennia at ancient farming sites (Eidt, 1977; Dupouey et al., 2002; Holliday & 
Gartner, 2007). All of these characteristics indicate a high anthropogenic influence and dif-
ferentiate Facies 3 clearly from Facies 1 and 2.  
 
   Chapter 3 
81 
 
3.5.2 Chronostratigraphic Interpretation and Palaeoenvironmental  
Setting  
The three settlement mounds and their environments share several similarities: In all sedi-
ment cores the lower layers are built up by a sequence of interdigitated fluvial and alluvial 
sediments of Facies 1 and 2, which can be interpreted as a typical stratigraphy of a coastal 
plain, with constantly shifting river beds and flooding on an alluvial plain (Boggs, 2006; Fig-
ure 3.9). This interplay existed at the site of the Ergeta at least since the second half of the 
4th millennium BC, which is indicated by a 14C-dated sample at 10.89 m b.s. of sediment 
core ERG1-1 (Table 3.1). As for the Orulu mounds, a 14C age estimate from an alluvial layer 
proves that these conditions existed since the 3rd millennium BC. ORU3 reveals the alter-
nation of fluvial and alluvial deposits down to 12 m b.s., which suggests that these condi-
tions had already established during mid-Holocene times, as observed in the central part of 
the Kolkheti lowlands (Laermanns et al., 2017).  
As Facies 2 is underlying Facies 3 in most cases, the settlement mounds are based on 
alluvial sediments. They consist of several layers of varying thickness, potentially represent-
ing different phases of occupation or construction. The oldest anthropogenic stratum of Fa-
cies 3 was found at mound Orulu 1 dating to the late 3rd to early 2nd millennium BC (ORU1-
1/20, 3.39 m b.s., 2027-1884 B.C.; Table 3.1, Figure 3.5).  
Based on the stratigraphic analysis of the mounds, the anthropogenic layers do not continue 
below the present ground level and have similar or even higher elevations with respect to 
the surrounding ground surface. While in case of the mound Ergeta 1 a difference of 10 cm 
and in case of Orulu 2 of 15 cm is negligible, there is a significant discrepancy of ~80 cm in 
case of Orulu 1, which may hint at a naturally elevated position during the time of foundation.  
Facies 3 is also present in the core between the settlement mounds (e.g. sediment core 
ORU3; Figure 3.7). It is deposited on top of Facies 2; but in contrast to the sharp boundary 
below the mounds, a gradual transition from Facies 2 to 3 occurs here. It is unclear whether 
these sediments were mixed by ploughing, whether they represent colluvial/alluvial mate-
rial, or whether they belong to an in-situ settlement layer. The enrichment of burnt clay 
fragments between ~1.35 and 1.46 m b.s., for example, could hint at an anthropogenic 
surface. However, for the part located directly above the fluvial sand (2.24-1.46 m b.s.), the 
latter assumption seems unlikely. Nevertheless, it confirms that the area between the hills 
was also used for settlements or agriculture in ancient times (Lordkipanidze, 1991; Fähn-
rich, 2010; Gamkrelidze, 2012). An intensive use of the environs of the mounds would be 
comparable to the situation of the mounds of the Great Hungarian plain (Raczky & Anders, 
2008).  
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A comparison with the well-investigated site of Ispani, which is also located on the Colchian 
plain in a comparable setting ca. 60 km south of the research area, gives information on 
possible climatic conditions during the time of the mounds’ construction. Pollen records in-
dicate species-rich open wetland forests which persisted from the 3rd to 1st millennia BC 
(Connor, Thomas, & Kvavadze, 2007; de Klerk et al., 2009; Shatilova, Rukhadze, & 
Mchedlishvili, 2010). Based on the pollen evidence of expanding Zelkova and Castanea 
forests, Kvavadze & Connor (2005) highlight a warm and humid Sub-Boreal climate opti-
mum between 1850 and 400 B.C. for Western Georgia. This implies a predominance of 
humid, swampy conditions during the mounds’ formation (cf. Connor, Thomas, & Kvavadze, 
2007; Connor & Kvavadze, 2008; de Klerk et al., 2009; Figure 3.11), which may point to an 
intentional construction of the mounds allowing their inhabitants to establish small settle-
ments within the swampy Colchian floodplain. 
Additionally, a rising groundwater table, attributed to the sea-level evolution of the Black 
Sea, should be discussed, as it would possibly have provoked successive enlargements of 
the mounds. The relative sea level (RSL) reached nearly its current state (between -1.5 and 
0 m below mean sea level) about 3000 BC (Giosan et al., 2006; Brückner et al., 2010; 
Fouache et al., 2012; Kelterbaum et al., 2012; Laermanns et al., 2017), and subsequent 
sea-level oscillations of ~1 m might have affected the settlement conditions in the marsh-
lands close to the coast. However, it can be considered to have had only a minor effect on 
the areas of the investigated mounds, which are located at an altitude between ca. 4 and 
11 m a.s.l. Although they did not live nor travel to this area, some ancient authors – starting 
with Hippocrates, at the end of the 5th century BC, mentioned above – were aware of the 
settlement hills with surrounding moats located in swampy forests of the Colchis. Even 
though such historical sources are to be considered with caution, the descriptions match 
the geoarchaeological results of this study and palaeoclimatical scenarios (e.g. de Connor, 
Thomas, & Kvavadze, 2007).  
 
3.5.3 Size and Source Material of the Mounds  
In comparison with settlement mounds of other regions (e.g. Thessaly: >20,000 m² [Runnels 
et al., 2009], Çukuriçi Höyük: ca. 16,000 m²; Arvalya Höyük: 5,000 m² [Stock et al.,  
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2015], Hungarian plain: >10,000 m² [Parkinson & Gyucha, 2012]), Flanders: 3,600 m² 
[Ervynck et al., 2012], Groningen, NL: 75 m diameter = ~4,000 m² [van Es, 1983]), Ergeta 
1 – with an area of ~1,250 m² and a volume of ca. 4,200 m³ – is of comparably small size. 
As to the origin of the mound material, sediments of Facies 3 have a similar mean grain 
size as the underlying Facies 2. The ditch, dug by the present landowner (Figure 3.10A, B), 
encircles an area with a 40 to 60 cm lowered surface elevation compared to the level outside 
the ditch (Figure 3.10C). The farmer reported that he did so in order to drain the very 
swampy area surrounding the mound.  
The area encircled by the ditch covers 6,610 m2, with a total volume of only 355 m3 below 
the average level of the surrounding surface (Figure 3.10A). Assuming that this was the 
source for the construction material, we have to estimate the possible initial depth of the 
surrounding moat. Considering that for the given area each layer of 0.01 m thickness will 
produce 66 m3, the moat must have been at least deeper than 0.65 m to contain a volume 
equivalent to the current total volume of the recent mound. Also, considering the transpor-
tation of the material, it appears as the most obvious source for the construction material of 
Ergeta 1. The infill of this ancient moat was probably a consequence of the erosion of the 
mound, which must be assumed since its erection 4000 years ago bearing in mind the warm 
and humid climate, especially during the Sub-Boreal climate optimum lasting from 1850 to 
1400 BC (Kvavadze & Connor 2005; Arslanov, Dolukhanov, & Gei, 2007; see Figure 3.11). 
The swampy conditions in the moat are reflected in the fine-grained deposits, which are 
revealed in the sediment core ERG1-3. It is, therefore, very likely that the mound once was 
higher and consequently the moat deeper. 
In comparison, the recent situation of the other investigated mounds in Orulu is different 
due to the overprint by plantations and gardening. In the case of Orulu 1, a ca. 10 m wide 
circular swamp surrounds the mound (Figures 3.1C, 3.2, 3.9); this gives an impression what 
the area around Ergeta 1 had looked like before the modern drainage. In the case of Orulu 
2, no circular depression is recognizable except for the narrow ditch at the foothill, which is 
probably a product of recent drainage to reclaim that area for agriculture. 
The oldest examples of the phenomenon of ditching circular moats around (artificially) ele-
vated settlements were found in the lower Danube Valley and date around 5500 BC (Par-
kinson & Duffy, 2007). It is known from other regions all over Europe and the Middle East, 
e.g. the Bronze Age settlement of Fidvár, Slovakia (Gauss et al., 2013), and the Körös 
Valley, Hungary (Parkinson et al., 2004), where comparably wide circular moats in the fore-
front of a mound were built for fortification. Although similar patterns are observed in our 
study area and particularly around mounds Ergeta 1 and Orulu 1, it remains open if the 
conclusions from Slovakia and Hungary can be transferred to the Colchian mounds, which 
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are of considerably smaller size and which are situated in different morphological and cli-
matic contexts. 
 
 
Figure 3.10: A: DEM. The blue line marks the encompassing ditch that was dug by the present land-
owner. B: Orthophoto. The green colour of the mound originates from the scrub vegetation while the 
surrounding humid area reveals the brownish-green colour of the swamp vegetation. C: Elevation 
cross sections. The topographic cross sections show that the encompassing area lies below the 
surrounding surface; it probably served as the source of the construction material. D: 3D model of 
the settlement mound Ergeta 1 and its surrounding with the angles of the single pictures (E). The 
projections combine overlapping 2D UVA-pictures with Agisoft PhotoScan 1.2.4 software, finally cre-
ated with ArcMAP GIS software. 
 
3.5.4 Mode of Construction and Occupation Phases 
In the case of the mounds Ergeta 1 and Orulu 2 (Figures 3.4, 3.6, 3.9), the stratigraphic 
layers of the mounds are roughly of similar age. At Ergeta 1, ages from below and above a 
2.12 m-thick anthropogenic layer are overlapping (1623-1452 B.C. and 1611-1447 B.C.; 
Table 3.1, Figure 3.4). At Orulu 2, the overlapping ages of 2008-1772 B.C. and 1907-1700 
B.C. comprise 1.1 m of anthropogenic layers (Table 3.1, Figure 3.6). At Orulu 1, material 
from the lowermost, and therefore oldest, anthropogenic layer (3.46-3.06 m b.s.) was dated 
to the beginning of the 2nd millennium BC (charcoal; 2027-1884 B.C.; Figures 3.5, 3.9, Table 
3.1), thus overlapping with the radiocarbon ages from Orulu 2. In contrast, the second radi-
ocarbon age, 2.72 m above the first one, is 1412-1234 B.C. Hence, the upper layer at Orulu 
1 seems to be ~470-800 years younger, and the construction and/or occupation of Orulu 1 
may have taken place over several centuries, while the other two mounds were built during 
one phase. 
Nevertheless, the possibility of reworked charcoal must be taken into consideration as well, 
which might lead to an erroneous age estimate for (i) the duration of the temporal gap be-
tween the different ages, and/or (ii) the onset of the occupation. Although reworking cannot 
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be excluded for the lower radiocarbon ages at the base of the anthropogenic layers at Orulu 
1 and Orulu 2, and these ages thus represent maximum ages only, the age overlap suggest 
a contemporary construction and/or occupation of both mounds at ~2000-1800 B.C. At least 
one further period of construction and/or occupation must be assumed due to the chrono-
logical and stratigraphic gap in Orulu 1, which took place at around or after ~1400-1230 
B.C. 
 
Figure 3.11: Chronology of the geoarchaeological and palaeoenvironmental evolution of the settle-
ment mounds and their surroundings. The first column shows time span of accumulation of the 
mounds based on the radiocarbon dating results and the possible occupation. While the second 
column gives an overview of the early and ancient history of the region (Lordkipanidze, 1991; Braund, 
1994; Fähnrich, 2010), the third and fourth columns are based on assumptions on the vegetation 
history (Connor, Thomas, & Kvavadze, 2007; de Klerk et al., 2009) and on climate variations 
(Kvavadze & Connor, 2005; Connor & Kvavadze, 2008) derived from palynological research. 
 
In addition, determining the type and purpose of the settlements mounds – i.e., constructed 
or cumulative – remains challenging. In general, the warm and humid climate and the 
swampy conditions at that time (Connor, Thomas, & Kvavadze, 2007; de Klerk et al., 2009; 
Laermanns et al., 2017), the rather short accumulation phase of Ergeta 1 and Orulu 2 (Fig-
ure 3.11), and the similar ages at the base of Orulu 1 and Orulu 2 all suggest an intentional 
construction of the mounds within a short time period. This contradicts the nature of for-
mation of tells with their successive accumulation in space and time, e.g. in Thessaly with 
>20,000 m² (Runnels et al., 2009) and in Western Anatolia with ca. 16,000 m² and 5,000 m² 
(Stock et al., 2015). In this case, the radiocarbon ages represent maximum ages for the 
mounds’ construction rather than information on occupation periods. On the other hand, 
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assuming a successive evolution of the mounds due to the stepwise accumulation of set-
tlement layers, the radiocarbon ages would indicate the effective time span of occupation. 
In the case of Orulu 1, where a chronostratigraphic gap and a subsequent second re-occu-
pation phase is recorded, a tell-type mound or a hybrid form can be assumed, i.e. with an 
intentional initial construction of the mound’s lower part, and a subsequent re-occupation 
several centuries later. In any case, the circular moat comparable to Ergeta 1 and the same 
setting with Orulu 2 suggest that Orulu 1 has, at least, a similar cultural background and 
originates from the same period. 
However, since the initial formation of all three mounds can be dated to the first half of the 
2nd millennium BC, they coincide with the local Early to Middle Bronze Age (Figure 3.11). 
These results corroborate previous assumptions about the mounds’ ages based on archae-
ological findings at different sites (Lordkipanidze, 1991; Greppin, 1991; Fähnrich, 2010). 
Apparently, the phenomenon of settlement mounds occurs relatively late in Western Geor-
gia, compared to the settlement mound Aruchlo I in eastern Georgia dated to the 6th millen-
nium BC (Hansen, Mirtskhulava, & Bastert-Lamprichs, 2007) and other regions, e.g. in An-
atolia (Çilingiroğlu, Çevik, & Çilingiroğlu, 2012; Horejs, 2012), where sites date back to the 
7th millennium BC. Even in areas with a comparable distance to the source region in the 
Fertile Crescent (e.g. Thessaly and the Hungarian Plain), Neolithic mounds already existed 
5000 BC (Parkinson & Gyucha, 2012). 
 
3.6 Conclusions 
In this study, three Bronze Age settlement mounds in the northern part of the Colchian plain 
of Western Georgia were investigated within the framework of geoarchaeological research. 
Using geochemical and granulometric analyses, anthropogenic sediment layers, i.e. relat-
ing to the construction of the mounds, could clearly be distinguished from the underlying 
alluvial deposits. As has been shown in previous studies for the central Colchian plain, pal-
aeoenvironmental conditions in its northern part before and at the time of the mounds’ con-
struction were characterised by extensive wetlands with fluctuating alluvial to fluvial depo-
sition, at least since the 4th millennium BC. By means of DPGS data and aerial images we 
showed that the construction material of the mounds most likely originated from the area 
directly surrounding the mounds, which is indicated by wide circular moats.  
The initial construction of the mounds took place during the Bronze Age, more precisely in 
the first half of the 2nd millennium BC. The new data confirm the assumption that the Col-
chian mounds are of Bronze age origin; thus, they are rather young as compared to mounds 
in Eastern Georgia, the Mediterranean, Anatolia or on the Balkans. While mound Orulu 1 
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seems to have been built in several phases, spanning between ~470 and 800 years, it 
seems that the mounds Orulu 2 and Ergeta 1 were erected in one construction phase. The 
site of Ergeta 1 was occupied some time later during this period. However, while the radio-
carbon ages of this study and the sedimentary succession of the investigated cores suggest 
an internal stratification of the mounds, it remains challenging to chronologically differentiate 
particular consecutive construction or occupation phases, or to identify the timing of the 
abandonment. Though an ultimate classification as tell-type mounds or intentional construc-
tion is yet to be verified, the short-term occupation and the wetland landscape of the two 
millennia BC lend support to constructed settlement mounds. Further chronological investi-
gations, e.g. using optically stimulated luminescence, may help to detail the chronostratig-
raphy. While the geoarchaeological investigations of this study already present valuable 
data on the origin of the settlement mounds in the northern Colchian plain, follow-up ar-
chaeological excavations are needed to clarify the internal structure of the mounds. These 
data will help in ultimately resolving the question whether the mounds consist of a con-
structed or cumulative stratigraphy, and, thereby, provide important and new information on 
these Colchian prehistoric communities, e.g. implications for land use practices, labor or-
ganization, and/or construction technology. 
The mounds on the Colchian plain stand out with their young age, small size and grouped 
occurrence; as such, they notably differ from numerous mounds described from other re-
gions. In this regard, the rather late time of construction may be explained by the landscape 
evolution in the Colchian plain. Due to the presence of extensive wetlands during the mid-
Holocene, and the transformation from open lagoons to an alluvial plain that took place 
between the 4th and the mid-2nd millennium (Laermanns et al., 2017), favourable conditions 
for the occupation of the Colchian lowlands seem to have developed only shortly before the 
2nd millennium BC. 
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Abstract 
In the southernmost part of the Colchian plain (Georgia), the Supsa and Rioni rivers represent im-
portant catchments to reconstruct Holocene landscape changes. Using granulometric methods, ge-
ochemical analyses and radiocarbon dating, we demonstrate that significant palaeoenvironmental 
changes have taken place in the surroundings of the Supsa fan since at least 4000 BC. The area 
has been separated from the open sea by a sand bar, creating lagoonal conditions. Due to continued 
fluvial sediment supply, mainly from the Rioni, the lagoons silted up and extended peat bogs formed 
east of the beach ridges. Meanwhile, the Supsa fan formed, first prograding northwards (since the 
3rd millennium BC), and later shifting westwards, eventually following an avulsion of the Rioni. How-
ever, Supsa deposits remain limited to the area of the fan and the modern estuary, while the alluvial 
fines of the Rioni dominate the surrounding areas. The relative sea-level (RSL) index points of the 
region suggest a gradual RSL rise from ~-10 to -8 m between 4000 and 3500 cal BC to -3/-2 m below 
the modern sea level in the second half of the 1st millennium BC, the period during which Greek 
colonisation and Colchian settlements are attested by archaeological remains.  
 
Landschaftsgenese der Küstenebene am Unterlauf der Supsa (Westgeorgien)  
Im südlichsten Teil der kolchischen Tiefebene (Georgien) stellen die Einzugsgebiete des Rioni und 
der Supsa wichtige Areale zur Rekonstruktion des holozänen Landschaftswandels dar. Mittels gra-
nulometrischer und geochemischer Analysen sowie Radiokohlenstoffdatierungen lässt sich der sig-
nifikante Landschaftswandel im Bereich des Supsa-Schwemmfächers seit etwa 4000 v. Chr. nach-
weisen. Das Areal wurde von einer Sandbarre vom offenen Meer getrennt, hinter der sich große 
Stillwasserbereiche bildeten. Der anhaltende fluviale Sedimenteintrag, hauptsächlich durch den Ri-
oni, begünstigte die allmähliche Verlandung und die Entstehung von Torfmooren. Gleichzeit baute 
sich – zuerst nach Norden (etwa ab dem 3. Jahrtausend v. Chr.) und später durch den Rioni nach 
Westen abgelenkt – der Schwemmfächer der Supsa vor. Während sich die Supsa-Ablagerungen im 
Wesentlichen auf den Schwemmfächer und die aktuelle Mündung beschränken, dominieren die fein-
körnigen Ablagerungen des Rioni die Umgebung. Die Indexpunkte für den relativen Meeresspiegel 
deuten auf einen anhaltenden Anstieg des Meeres hin, ausgehend von etwa -10 bis -8 m unter dem 
heutigen Niveau um 4000 bis 3500 v. Chr. auf -3 bis -2 m in der zweiten Hälfte des 1. Jahrtausends 
v. Chr. Für den gleichen Zeitraum sind kolchische und griechische Siedlungen durch archäologische 
Funde in der Umgebung der Supsa-Mündung belegt. 
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4.1 Introduction 
Deltas, estuaries and low-lying coastal plains render important information on the postgla-
cial coastal evolution and Holocene sea-level rise (ARSLANOV, DOLUKHANOV & GEI 2007, 
MARRINER, MORHANGE & GOIRAN 2010, HAGHANI et al. 2015). At the same time deltaic re-
gions played an important role for the ancient colonization (e.g. by the Greeks, Romans and 
Phoenicians; ANTHONY, MARRINER & MORHANGE 2014), providing access to the hinterland 
as well as to the open sea. Especially in the Mediterranean many important ancient cities 
were founded on the coast of large embayments and estuaries, e.g. Troy at the Karamende-
res (KRAFT et al. 2003), Ephesus at the Küçük Menderes (STOCK et al. 2013, 2016), Miletus 
and Priene at the Büyük Menderes (BRÜCKNER et al. 2002), Aquileia, Laguna di Grado 
north-eastern Italy (ARNAUD-FASSETTA et al. 2003), or the Turia River in Spain (CARMONA & 
RUIZ 2011).  
While a significant amount of research on both sea-level evolution and human-environment-
interactions exists from Mediterranean coastal lowlands and delta regions (e.g., LARIO et al. 
2002, PAVLOPOULOS et al. 2006, CAROZZA et al. 2011; BRÜCKNER et al. 2017) – many of 
them in geoarchaeological contexts and especially at ancient harbour sites (MARRINER & 
MORHANGE 2007; e.g. for Rome's harbours Portus and Ostia: DELILE et al. 2014, GOIRAN et 
al. 2014, for Miletos BRÜCKNER et al. 2014, for Alexandria: FLAUX et al. 2017, for Ephesos 
STOCK et al. 2013, 2014) – studies on sea-level evolution of the Black Sea are scarce. Only 
during the last decade, the number of publications has increased for particular areas (e.g. 
Danube delta: GIOSAN et al. 2006, Taman peninsula: Kelterbaum et al. 2012) and in the 
context of the controversial debate about sea-level evolution and fluctuations (e.g., BRÜCK-
NER et al. 2010, FOUACHE et al. 2012, ERGINAL et al. 2013, BOLIKHOVSKAYA et al. 2017).  
In particular, the Georgian Black Sea coast remains understudied so far, although it stands 
out with a unique vegetation history and its long-time of occupation, with the ancient king-
dom of Colchis and several Greek colonies of which the lost city of Phasis is the most fa-
mous one (LORDKIPANIDZE 1991). Overall, the Georgian coast and its central section, the 
Colchian plain, offers – with estuaries of numerous rivers and extensive wetlands – prom-
ising geo-bio-archives. The potential of the Colchian plain (i.e. the area between the rivers 
Supsa and Enguri) for palaeoenvironmental and geoarchaeological studies has been 
shown only in the very recent past by elucidating the mid- to late Holocene development of 
the Rioni delta (LAERMANNS et al. 2018a) and presenting new data on the evolution of 
Bronze Age settlements (LAERMANNS et al. 2018b).  
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However, while most major rivers in the northern and central Colchian plain are sourced in 
the Greater Caucasus to the north and formed the vast alluvial Colchian plain, the south-
ernmost river, the Supsa, is fed by the Lesser Caucasus from the south. While presently 
flowing into the Black Sea, it has built a prominent, semi-circular alluvial fan at the interface 
between the mountains and the southern the Colchian plain, which now constitutes an ara-
ble area along the southern margin of Lake Paliastomi. Colchian and Greek amphorae as 
well as graves were found at several sites in the surroundings (LORDKIPANIDZE 1985, MIRON 
& ORTHMANN 1995, SENS 2009), and indeed the area may have represented a favourable 
settlement place due to its slightly elevated position next to Lake Paliastomi; even specula-
tions on a possible location of Phasis in this area exist (cf. an overview in GAMKRELIDZE 
2012). Yet there is neither detailed information on the Holocene evolution of the Supsa fan 
and its surroundings nor on its occupation history. 
Against this background, the overall aim of our study is to provide first data on the Holocene 
evolution of the Supsa fan and its surroundings during the past millennia. Therefore, we aim 
to: (i) document the chronostratigraphy of the Supsa fan and its surroundings; (ii) recon-
struct the palaeogeographical and palaeoenvironmental changes of the delta area; and (iii) 
differentiate between the sediments originating from the Supsa and the Rioni catchments. 
Furthermore, we intend to (iv) probe if archaeological findings can testify that the palaeoen-
vironmental conditions favoured human occupation in this particular area.  
  
Fig. 4.1: Map of the research area. Red dots indicate the coring sites (based on ASTER Digital Ele-
vation Model, Shaded Model). 
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4.2 Regional Setting  
4.2.1 Physical Setting 
The Kolkheti lowlands or Colchian plain, which correspond to the historical region of Col-
chis, form a triangular-shaped coastal plain of western Georgia (Fig. 4.1). They are limited 
by the Black Sea in the west, the slopes of the Greater Caucasus in the northeast, and the 
Lesser Caucasus in the southeast. The lower Likhi range connects both Caucasian ranges 
and forms the easternmost border of the plain. It separates the Colchian lowlands from the 
Kura catchment, which discharges into the Caspian Sea (EPPELBAUM & KESHIN 2012). 
The Colchian plain is, like the whole of Georgia, located in the convergence zone between 
the Arabian and Eurasian plates (DHONT & CHOROWICZ 2006). During the closure of the 
Northern Neo-Tethys Ocean (SOSSON et al. 2010) and the subsequent Alpine-Himalayan 
orogeny this former Mesozoic to Cenozoic back-arc marginal extensional basin was closed 
and the folded mountains of the Caucasus evolved (ADAMIA et al. 2011, FORTE, COWGILL & 
WHIPPLE 2014). Triggered by the northward drift of the Arabian plate, the ongoing continent-
continent collision between the Lesser Caucasus arc and the Eurasian basement still coin-
cides with convergence rates between ~12 mm/a in the eastern part and ~2 mm/a in the 
western part, e.g. the Colchian plain (AVDEEV & NIEMI 2011, YILMAZ, ADAMIA & YILMAZ 2013). 
There, convergence occurs along the Adjara-Trialeti Thrust Belt (ATTB) in the south and 
the Chaladidi-Tsaishi Thrust (CTT) in the north (REILINGER 2006, FORTE, COWGILL & WHIP-
PLE 2014) (Fig. 4.1). 
Though the Caucasus mountains evolved from the same tectonic processes they differ in 
their geology from the Colchian plain: The Greater Caucasus in the north is a polycyclic, 
folded-nappe formation (OKROSTSVARIDZE, GAGNIDZE & AKIMIDZE 2016) and consists of a 
Pre-Alpine crystalline basement complex and a younger cover of Mesozoic to Neogene 
ophiolites, (marine) sedimentary and volcanic rocks. On the southern side the Lesser Cau-
casus inherits additional andesitic pyroclastica and effusiva (MITCHELL & WESTAWAY 1999) 
and granite and gneiss intrusions (YILMAZ, ADAMIA & YILMAZ 2013).  
In contrast, the Colchian plain is primarily covered by Cretaceous and Palaeogene sedi-
ments and by volcanoclastics (BAZHENOV & BURTMAN 2002). These deposits are overlain 
by Quaternary molasses and river terraces of eroded material from the surrounding moun-
tains and their foothills (ADAMIA et al. 2011). During the Holocene, these fluvial and alluvial 
accumulations and the large-scale sea-level rise dominated the morphology on the Colchian 
plain. Here, massive coastline changes were provoked, especially by the reconnection of 
the Black Sea with the Mediterranean Sea ~8400 years ago (RYAN 2007, GIOSAN, FILIP & 
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CONSTANTINESCU 2009), and huge areas of former dry land drowned. Probably around 3000 
BC, the sea level nearly reached its current position (~1.5-0 m) (e.g. BRÜCKNER et al. 2010, 
FOUACHE et al. 2012, KELTERBAUM et al. 2012, LAERMANNS et al. 2018a). Detailed infor-
mation about the geology of the Supsa fan are still lacking.  
 
Fig. 4.2: Digital elevation model (DEM) of the research area. The Supsa fan rises above the adjacent 
areas of the plain. The linear elevated structures between the fan and Lake Paliastomi and eastwards 
of the latter are woodland areas; their ‘elevation’ is due to the vegetation not to the morphology. The 
linear structures – mostly perpendicular to the progradation of the Supsa fan – are caused by modern 
agriculture (cf. Fig. 4.3b) (based on ALOS World 3D with 30 m resolution [AW3D30]). 
 
Today, the central plain is dominated by four rivers (from N to S): Enguri, Khobistsqali, Rioni 
and Supsa. While the former three have their sources in the Greater Caucasus, the latter 
originates from the Lesser Caucasus. Compared with the Rioni catchment area of ca. 
13,400 km², average water volume contribution of 13.38 km³/a and sediment load of 6.02 x 
106 t/a (BERKUN, ARAS & AKDEMIR 2015), the Supsa constitutes a far smaller part: With a 
catchment area of ca. 1,100 km², a discharge far less than 3.00 km³/a water volume, and a 
sediment load of 0.246 x 106 t/a, it can be considered as a river of regional importance; 
however, it contributes more water and sediment than the two northernmost rivers (BERKUN, 
ARAS & AKDEMIR 2015). Plus, the Supsa is the only river which built a major lobate fan in 
the Kolkheti lowlands that extends in its centre up to several metres over the surrounding 
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swamp areas while its outermost edges are of almost the same elevation as the surrounding 
swamp areas. It is located directly north of the foothills where the Supsa discharges into the 
open plain. Its recent river mouth is located further west and forms an estuary comparable 
to those of the Enguri and Khobistsqali.  
 
Fig. 4.3: A: Natural swamp forest vegetation close to the site of sediment core PIC 2 on the banks of 
the Pichora River. B: Northward view from the foothills to the south of the village of Supsa. The ridge-
and-furrow system of the agrarian areas is contrasted by the swamplands in the background (Photos: 
Laermanns 2014, 2015). 
 
The regional climate is characterized by high precipitation (>2000 mm/a) and average an-
nual temperatures around 14°C, without regular winter frosts (mean January temperatures 
are 6°C in Batumi) (BOX et al. 2000; see also DENK, FROTZLER & DAVITASHVILI 2000, 
HIJMANS et al. 2005). Extensive wetlands, consisting of swamps, peat bogs, shallow lakes, 
open reed areas and forests of evergreen understory cover huge parts of the plain; mixed 
forests dominate the neighbouring foothills (BOX et al. 2008). As a result of centuries of 
deforestation and drainage activities, most of the natural vegetation along the coast, rivers 
and foothills has been replaced by open grassland and fields for crop growth (DE KLERK et 
al. 2009). The inevitable extensive system of drainage ditches and ridge-and-furrow fields 
forms a significant part of the recent relief on the Colchian plain (NIKOLAISHVILI, ELIZARBA-
RASHVILI & MELADZE 2015). This holds especially true for the slightly elevated Supsa fan 
where preferably drier conditions are observed, in contrast to the swampier surroundings.  
 
4.2.2 Human Occupation 
Georgia has been populated since the Palaeolithic; bones discovered at the site of Dmanisi 
are presently the oldest hominid remains outside of Africa (LORDKIPANIDZE et al. 2007). 
During the Holocene, an early transition from hunting and gathering to farming and animal 
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husbandry set in between 10,000 and 9,000 BC (ARSLANOV, DOLUKHANOV & GEI 2007). 
People spread from the foothills into the plain where the oldest settlement sites of Ontsa-
koshia (JANELIDZE & TATASHIDZE 2010) and Ispani (CONNOR, THOMAS & KVAVADZE 2007; DE 
KLERK et al. 2009) date back to the transition between the Chalcolithic and the Early Bronze 
Age in mid-3rd millennium BC (LORDKIPANIDZE 1991). Furthermore, settlement mounds in 
the northern part of Colchis have yielded evidence for the evolving Colchian culture of that 
time (SENS 2009, LAERMANNS et al. 2018b). The ancient region experienced its heyday be-
tween the 6th-4th centuries BC under the Kingdom of Colchis, a time of intensive trade con-
tact with (mainly Milesian) Greek merchants, who founded several colonies along the Col-
chian Black Sea coast (SENS 2009, GAMKRELIDZE 2012). In the late 2nd to early 1st century 
BC, Colchis fell into the sphere of influence of the Kingdom of Pontus and became later a 
client state of the Roman Empire (GAMKRELIDZE 2012) and finally a Roman province (RAY-
FIELD 2013).  
 
4.2.3 Research area 
Our investigations focus on the Supsa delta region and its adjacent areas, i.e. on the south-
ernmost part of the Colchian plain (Fig. 4.1). Here, the Supsa River leaves the foothills and 
forms its lobate-shaped alluvial fan. The eponymous village covers the central part of the 
fan while its surroundings are dominated by agricultural areas (Fig. 4.3B). The prevailing 
ridge-and-furrow fields, which are divided by an extensive network of drainage channels, 
have overprinted the natural fluvial structures (cf. Fig. 4.2). Only in few swampy grassland 
areas near-natural conditions have prevailed. The recent river mouth is located ca. 6.5 km 
west of the fan apex. The graded shoreline is formed by a straight beach with several beach 
ridges behind and it is strongly influenced by the long-shore current (KOROTAEV et al. 2003). 
North of the river mouth stretch the villages Maltakva and Grigoleti atop the linear structure 
of the beach ridges parallel to the coast. The coast section is separated from the alluvial 
fan by swamplands (Fig. 4.3A) and peat bogs which extend to the southern shores of Lake 
Paliastomi. On the southern side of the river mouth, the foothills reach close to the graded 
shoreline.  
Within this area several archaeological sites are known. Whole amphorae and fragments 
from Heraclea Pontica and Sinope were found between the village Maltakva and the Supsa 
river mouth (Fig. 4.1); they date to the 4th to 3rd centuries BC (SADZRADZE, DAVLIANIDZE & 
MURVANIDZE 1999). At the villages of Ureki and Maltakva, several Colchian amphorae (2nd 
to 1st centuries BC) were found (MIRON & ORTHMANN 1995, GAMKRELIDZE 2012). Some his-
torians (e.g. SHAFRANOV, 1880, in: GAMKRELIDZE 2012) even speculate that the ancient city 
   Chapter 4 
104 
 
of Phasis was located on the southern shore of Lake Paliastomi at the river mouth of the 
Supsa. Further upstream, many smelting furnaces are known through different surveys 
(KHAKHUTAISHVILI 2008, KHAKHUTAISHVILI 2009, ERB-SATULLO, GILMOUR & KHAKHUTAISHVILI 
2014). Their spatial concentration in this region can be explained by the occurrence of chal-
copyrite, the dominant copper-bearing mineral in veins of quartz or in iron oxide matrices 
(GUGUSHVILI et al. 2010, ERB-SATULLO, GILMOUR & KHAKHUTAISHVILI 2014). It outcrops on 
the surface there due to the tectonic faults and erosion at the Adjara-Trialeti Thrust Belt 
(OKROSTSVARIDZE, GAGNIDZE & AKIMIDZE 2016). 
 
4.3 Methods 
4.3.1 Geochemical and Sedimentological Analyses 
The sediment cores originate from different sites of the delta area that were chosen due to 
their accessibility and relevance. They were retrieved using a Cobra TT (Atlas Copco) per-
cussion-coring device. Only sediment core PIC 2 was taken further north, at the riverside of 
the Pichori, which discharges into Lake Paliastomi (Fig. 4.1). The cores are 6 and 5 cm in 
outer diameter, respectively, and reached a maximum depth of 12 m below surface (b.s.); 
they form the basis for further stratigraphic and geochemical analyses and interpretations. 
A preliminary core lithology in the field was established on basis of sediment texture, colour 
and CaCO3 test (with HCl, 10 %) of the different sediment units. Samples were taken with 
intervals of ca. 20 cm for further treatment in the laboratory. 
The pre-treatment for all samples and all analyses were conducted at the glaboratory of the 
Institute of Geography, University of Cologne, Germany. The samples were oven-dried at 
40 °C for 48 h, subsequently sieved <2 mm and gently crushed with a mortar to disintegrate 
the aggregates.  
For granulometric analyses, the samples were pre-treated with hydrogen peroxide (H2O2, 
15 %) to remove organic matter, and with sodium pyrophosphate (Na4O7P2, 46 g/l) to avoid 
coagulation. Before measurement, the samples were shaken for at least 12 hours in an 
overhead shaker. Granulometric analyses were performed in 116 channels from 0.04 to 
2000 m with a Laser Diffraction Particle Size Analyzer (LS 13320 Beckmann CoulterTM) 
where each sample was measured three times using the optical Fraunhofer model. Grain-
size parameters based on FOLK & WARD (1957) were calculated using the GRADISTAT 
software version v8 (BLOTT & PYE 2001). All grain-size categories are given according to 
the DIN 18196 norm based on AG Boden (1994). 
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After separating the <63 µm fraction by sieving the grain shape of samples from the sandy 
beds was analysed using a Retsch CAMSIZER® P4. This fraction was measured in 52 
channels up to 22.4 mm to define roundness, sphericity and elongation using the principle 
of dynamic image analysis (ISO 13322-2) to identify different deposition modes and possi-
ble sources. The results were calculated using the software CAMSIZER® 4.4.1.  
Loss on ignition (LOI) was used to estimate the organic matter content of the sediments. 5 
g of sample material were oven-dried at 105 °C for 12 h and subsequently ignition was 
determined in a muffle furnace (Carbolite ELF) at 550 °C for 5 h. Although possible uncer-
tainties may result from the combustion of clay minerals and/or carbonates, LOI is often 
used to estimate the organic matter content (e.g., BARSCH, BILLWITZ & BORK 2000, HEIRI, 
LOTTER & LEMCKE 2001).  
Element concentrations (Ca, Fe, K, S, Cu, Zn, Pb) were measured by a portable XRF Ana-
lyzer (NITON XL3t, THERMO SCIENTIFIC, analyticon) to draw conclusions on the deposi-
tional environment (marine or terrestrial origin etc.). Triplicate measurements were per-
formed on pellets of dried and ground sample aliquots, which were pressed into a teflon 
ring with 12 N.mm-2, and subsequently covered with a 4 µm polypropylene film (X-ray film, 
TF-240-255). A gold anode emitted X-ray (70 kV) needed to preform measurements within 
the ‘mining-minerals-mode’, which uses four different filters for 40 seconds each. The sec-
ondary X-rays of element specific wavelength are detected and processed by a digital signal 
processor. Si concentrations (in ppm) are calculated from the element-specific fluorescence 
energies and compared with external and internal reference materials (STDS-4, BCR142R, 
BCR-CRM 277). 
Magnetic susceptibility (MagSus) measurements were performed three times for each sam-
ple using a Bartington MS2B sensor. 
In order to identify different facies, Principal Component Analyses (PCA) were applied using 
the software PAST (version 3.1.1, HAMMER, HARPER & RYAN 2001). Therefore, normalized 
values of the granulometric parameters (mean grain size, sorting, kurtosis and skewness) 
were used to differentiate between the depositional modes (FOLK & WARD 1957). Addition-
ally, the geochemical parameters Ca, K, Fe and Cu provided information on the sediments' 
origin and, in the case of Cu, possible human activity (OONK, SLOMP & HUISMAN 2009, DUNG 
et al. 2013, DIRIX et al. 2015). An additional PCA was applied for the sandy layers to differ-
entiate their origins. The distribution of the data was explained by the first two components 
of each PCA.  
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4.3.2 Dating Techniques 
Twelve samples (plant remains and charcoal) from the three sediment cores SUP 3, SUP 
4 and SUP 10 were taken for radiocarbon dating (Tab. 4.1) at the 14CHRONO Centre, 
Queens University Belfast, Northern Ireland, UK. All ages were calibrated using Calib 7.1 
(calibration data set: intcal13.14c; STUIVER & REIMER 1993, REIMER et al. 2013). An age-
depth model was calculated for the sediment core SUP 4 using the R-based software Bacon 
2.2 (BLAAUW & CHRISTEN 2011).  
 
4.4 Results  
4.4.1 Sediment cores 
4.4.1.1 Sediment core SUP 3  
The sediment core SUP 3 was recovered in the northern part of the Supsa fan (Figs. 4.1, 
4.4, 4.5). The lowermost section (11.00-10.16 m b.s.) is composed of brown to dark brown  
 
 
Fig. 4.4: Sediment core SUP 3 from the maximum depth at 11 m b.s. (bottom right) to the surface 
(top left): Outer diameter of augerheads: 6 cm (0-4m), 5 cm (4-11 m) (Photo: Laermanns, 2013). 
 
silty to sandy peat. The layer is characterized by a heterogeneous grain size composition 
and poor sorting. The S, Ca/Fe and Ca/K values drop significantly, while metal ions, Fe, Al 
and magnetic susceptibility (MagSus) remain at low levels. Between 10.16 and 8.75 m b.s., 
(dark) brownish grey clayey silt reveals a more homogeneous grain size which does not 
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exceed 7 µm. The layer of fine to medium sand between 8.75 and 6.33 m b.s. is separated 
by sharp boundaries, indicated by a sudden rise of the mean grain size that stands out 
(except for the uppermost 20 cm) with values of >100 µm and elevated values of Ca, K, 
magnetic susceptibility, Ca/K and Ca/Fe ratios. In contrast, S content continuously reaches 
low levels. Between 6.33 m b.s. and the surface dominate greyish brown to grey silts with 
changing sand and clay contents and low values of LOI, MagSus, Ca/K and Ca/Fe. Only 
between 4.53 and 4.00 m b.s., two layers of peat and sand are interdigitated, each ~25 cm 
thick and defined by sharp boundaries. While the peat comprises naturally high LOI values 
(up to ~47 %), the sand is characterized by a sharp peak in its Ca/Fe ratio. 
 
Fig. 4.5: Profile, facies interpretation, granulometry, geochemistry and 14C age estimates of sediment 
core SUP 3 from the northern part of the Supsa fan (location in Fig. 4.1). The sediment core is 
dominated by fine-grained alluvial layers, which are interdigitated with peats in the lower part of the 
fluvial deposits (see Fig. 4.4). 
 
4.4.1.2 Sediment core SUP 9 
150 m south of the site of SUP 3, the sediment core SUP 9 was taken (Fig. 4.1). The low-
ermost part between 10 and 9.55 m b.s. consists of organic-rich (brownish) clayey silt. 
Above, heterogeneous grey silt to silty sand was deposited with high sand content. From 
7.13 to 3.41 m b.s., homogeneous (brownish) grey clayey silts dominate once again; the 
mean grain size does not exceed 10 µm. Only an intercalation of brownish silt between 5.75 
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and 5.33 m b.s. stands out with its coarser grain size and different colour. At 3.41 m b.s., 
the sediment abruptly shifts to heterogeneous brownish grey to grey fine to medium sand 
of two metres thickness. The main grain size decreases slightly to the upper facies limit at 
1.41 m b.s., where brown sandy silt was deposited. The uppermost part, between 0.72 m 
b.s. and the surface, is formed of brown to reddish brown loamy silt. 
 
4.4.1.3 Sediment core SUP 4 
The sediment core SUP 4 was recovered at the western margin of the Supsa fan (Figs. 4.1, 
4.6). The basal part consists of (brownish) grey silty fine sand with very poor sorting, low 
MagSus values and relatively low Ca/Fe and Ca/K ratios, but high LOI values. This layer 
gradually merges into the subsequent peat which stands out with the high Ca/Fe and Ca/K  
Fig. 4.6: Profile, facies interpretation, granulometry, geochemistry and 14C age estimates of sediment 
core SUP 4 from the western edge of the Supsa fan (legend see Fig. 4.5). Except from the peat 
interdigitations below 9 m b.s., the entire sediment core is formed of fine-grained lagoonal to alluvial 
deposits that document the gradual change from a lagoon to a floodplain. The age/depth model was 
estimated with the R-based software Bacon 2.2 (BLAAUW & CHRISTEN 2011). 
 
ratios and low MagSus values. Above a sharp boundary, well-sorted clayey silt was depos-
ited. High concentrations of Pb, Zn, P and low values of S are remarkable. Between 9.46 
and 9.23 m b.s. another peat layer occurs which differs in terms of smaller matrix grain size, 
better sorting and very high S values compared to the peat layer below. While its lower 
boundary is hard to define due to the gradual transition from the silt below, the upper bound-
ary is rather sharp. Between 9.23 and 2.31 m b.s. grey silt occurs. The lowermost (9.23 and 
7.53 m b.s.) and uppermost (4.62 and 2.31 m b.s.) parts of this unit are characterized by 
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relatively low Ca/K and Ca/Fe ratios, while S, Pb and Zn reach very high levels. By contrast, 
the in-between section (7.53 and 4.62 m b.s.) shows with higher sand content, poorer sort-
ing, elevated Ca/K and Ca/Fe ratios and a high magnetic susceptibility. Clearly separated, 
the subsequent layer of silty sand has elevated values of Ca, Ca/K, Ca/Fe and MagSus. 
The uppermost part of the core (between 1.88 m b.s. and the surface) is formed by silty 
loam, which is characterized by a similar geochemical composition as the sand layer.  
 
4.4.1.4 Sediment core SUP 10 
Northwest of SUP 4, the sediment core SUP 10 was recovered beyond the western margin 
of the alluvial fan of the Supsa (Figs. 4.1, 4.7). The stratigraphy is dominated by fine to 
medium sand with interdigitated peat units. From the maximum depth at 12 m b.s. to 10.46 
(dark) grey fine sand is present which is characterised by high Ca/Fe and Ca/K ratios. Sep-
arated by a sharp boundary follows above a sequence of several peat and organic-rich 
greyish brown silt layers where Ca/Fe and Ca/K ratios drop notably, while LOI rises up to 
>20 %. In general, this sequence is characterized by heterogeneous but generally low val-
ues of Fe, Cu, Zn, Pb and Ca. Between 7.91 and 7.51 m b.s. a layer of massive wood 
occurs. Above, between 7.51 and 6.56 m, brownish grey silt was deposited which contains 
many ceramic fragments, up to 2 cm in size, which were observed throughout this unit. 
Here, Ca/Fe and Ca/K reach their minimum values, while Fe, Al, Pb, Zn and Cu rise signif-
icantly. Subsequently, grey medium sand with a changing mean grain size of 90 to 450 µm 
was deposited. The sand is characterized by low LOI contents and constantly low values of 
Ca/K and Ca/Fe ratios caused by high Fe and K concentrations and sharp lower and upper 
boundaries. The uppermost two metres comprise grey to greyish brown loamy to clayey silt 
where the values of Zn and Pb rise to the surface.  
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Fig. 4.7: Profile, facies interpretation, granulometry, geochemistry and 14C age estimates of sediment 
core SUP 10 from the area between the shoreline and the Supsa fan (see Fig. 4.1). Atop fluvio-littoral 
deposits, peat is interdigitated with alluvial silts and topped by a layer with many ceramic finds be-
tween 7.51 and 6.56 m b.s. Above, fluvial sand dominates until 2 m b.s. (legend see Fig. 4.5). 
 
4.4.1.5 Sediment core SUP 5 
Sediment core SUP 5, conducted on a grassland ca. 200 m north of the foothills (Fig. 4.1), 
is one of the two sediment cores taken on the southern riverside of the Supsa. The entire 
10-m core consists of clayey to loamy silt. Its lowermost part contains several plant frag-
ments. The sand content increases slightly between 8.31 and 4.56 m b.s. The grey to dark 
grey colour of the core changes in the uppermost 2.00 m to a greyish brown (Fig. 4.8).  
 
4.4.1.6 Sediment core SUP 6 
SUP 6, the second core taken from the southern side of the Supsa, originates from an outlet 
of a small tributary brook valley ca. 600 m southeast of the SUP 5 site (Fig. 4.1). In contrast 
to SUP 5's fine-grain dominated stratigraphy, SUP 6 is dominated by several layers of me-
dium sand (mean grain size varies between ca. 100 and 380 µm) from its final depth at 8 to 
0.88 m b.s. (Fig. 4.8). The single sand layers can be divided by the occurrence of pebbles 
(<3 cm) at different depths. Above a small silt intercalation between 3.58 and 3.52 m b.s.,  
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Fig. 4.8: Profiles, facies interpretation, granulometry and geochemistry of the sediment cores SUP 
5, SUP 6 and SUP 7. The former two are located at southern banks of the Rioni in the vicinity of a 
smaller tributary. The latter is located close to the coastline south of the recent river mouth  
(cf. Fig. 4.1).  
 
the Ca/K and Ca/Fe ratios fall to lower levels while the concentrations of Zn and Cu rise. 
The uppermost 0.88 m of the core consist of brown sandy loam, which includes a certain 
amount of pebbles and coarse plant fragments. 
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4.4.1.7 Sediment core SUP 7 
SUP 7, the westernmost sediment core, is from a grassland between the shoreline and the 
village of Tskaltsminda (Fig. 4.1). The lowermost part between 5 and 1.91 m b.s. consists 
of (dark) grey medium sand with a mean grain size between ~140 and 300 µm. Above, grey 
clayey silt was deposited between 1.91 and 1.16 m b.s. Homogeneous grey fine sand (mean 
grain size ~50 µm) is interdigitated between 1.16 and 0.77 m b.s. The uppermost part is 
built-up of (greyish) brown loamy silt (Fig. 4.8).  
 
4.4.1.8 Sediment core PIC 2 
The sediment core PIC 2 was recovered on the banks of the Pichora River (Figs. 4.1, 4.3 
A). Its lowermost part consists of dark grey to greyish brown medium sand. While P, Zn and 
S remain at low levels, a marked decrease in Ca, Ca/Fe and Ca/K values occurs within this 
layer. The subsequent stratum (2.93 and 1.26 m b.s.) of poorly sorted loamy silt is clearly  
 
Fig. 4.9: Profile, facies interpretation, granulometry, geochemistry and 14C age estimates of the sed-
iment core PCI 2 from the banks of the Pichora River ca. 7 km north of the Supsa fan (Figs. 4.1 & 
4.3 A). The sand-dominated sediment core is strongly influenced by the Pichora and Rioni deposits. 
 
separated from the previous and subsequent sand layers; it reveals slightly increasing val-
ues of Pb, Zn, P and S, while Ca/K and Ca/Fe ratios remain on low levels. The upper sand 
layer stands out with a mean grain size of up to ~320 µm, comparable to the sand layer in 
the lower part of the core (Fig. 4.9). Most of the geochemical values are close to the loam 
layer in between. The uppermost part is a humus-rich fine-grained deposit. 
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4.4.2 Radiocarbon Dating Results 
Altogether twelve samples were taken from the sediment cores SUP 3, SUP 4 and SUP 10 
and dated by 14C-AMS (see Figs. 4.5 to 4.7 and Tab. 1). The results are given with 2 σ 
confidence interval.  
The seven age estimates of sediment core SUP 4 cover a time span of roughly 5000 years 
(3756 cal BC to 1261 cal AD; mean ages). Though the 2 σ ranges of the two lowermost 
samples, SUP 4/39 and SUP 4/41, overlap, an age inversion cannot be excluded.  
The age estimates from sediment core SUP 3 cover ~3000 years and ca. six metres of 
sediment. For sediment core SUP 10, only two samples were used for radiocarbon dating. 
They derive from the lower and upper facies limit of the archaeological layer between 7.51 
and 6.56 m b.s., covering a time span between 1893-1701 BC and 778-990 AD (~1800 to 
2900 years). 
 
Tab. 4.1 Radiocarbon data set. Measurements were carried out at the 14CHRONO Centre, Queens 
University Belfast, Northern Ireland, UK. All ages are calibrated using Calib 7.1 (calibration data set: 
intcal13.14c; Stuiver & Reimer 1993, Reimer et al. 2013), and are presented with 2 sigma. 
Sample ID Lab code 
Depth 
below 
surface 
(m) 
 
δ13C (‰) 
Material 
Conven-
tional 14C-
age BP 
Calibrated  
14C-age 
(cal BC/AD), 2 
σ 
SUP 3/14 UBA-34221 4.32 -30.5 Wood 2180 ± 27  359-171 BC 
SUP 3/22 UBA-34222 6.40 -28.5 Wood 3818 ± 30 2434-2143 BC 
SUP 3/34 UBA-34223 10.50 -26.1 Wood 4423 ± 58 3336-2913 BC 
SUP 4/6 UBA-26767 1.35 -28.3 Plant fragment 854 ± 28 AD 1053-1257 
SUP 4/11 UBA-26768 2.35 -21.0 Wood 1214 ± 34  AD 690-891 
SUP 4/19 UBA-26769 4.70 -30.9 Wood 2281 ± 37 404-209 BC 
SUP 4/23 UBA-26770 5.70 -24.7 Wood 2404 ± 39 749-396 BC 
SUP 4/36 UBA-26771 9.27 -26.3 Wood 4699 ± 42 3631-3370 BC 
SUP 4/39 UBA-26772 9.75 -27.6 Wood 5111 ± 74 4045-3711 BC 
SUP 4/41 UBA-26773 10.50 -24.9 Wood 4983 ± 38 3795-3660 BC 
SUP 10/23 UBA-34224 6.72 -26.4 Wood 1126± 27 AD 778-990  
SUP 10/29 UBA-34225 7.52 -25.7 Wood 3492 ± 29 1893-1701 BC 
 
   Chapter 4 
114 
 
4.4.3 Statistical Analyses of the Sedimentological and Geochemical 
Data 
By means of a principal component analysis using granulometric parameters (mean grain 
size, sorting, kurtosis and skewness) and the geochemical parameters Ca, K, Fe and Cu 
the three main components were estimated as follows: PC 1: 41.4 %, PC: 24.9 % and PC 
3: 11.6 % (Fig. 4.10 A & B). The majority of samples in Fig. 4.10 A cluster on the left side 
of the y-axis (quadrants I & III) and refer to high values of Cu, Fe and skewness. They are  
  
Fig. 4.10: PCAs to decipher the origins and depositional modes of the sediments. A: PCA uses the 
geochemical parameters Ca, Fe, K and Cu as well as the granulometric parameters mean grain size, 
sorting, skewness and kurtosis (PC 1: 41.4 %, PC 2: 24.9 %, PC 3: 11.6 %). The axes represent 
components 1 and 2, while PCA B is based on the components 1 and 3. C and D: PCA on a selection 
of sandy samples using the parameters of PCA A plus the grain-shape parameters roundness 
(RNDS), sphericity (SPHR) and elongation (b/l) (PC 1: 40.3 %, PC 2: 25.5 %, PC 3: 14.5 %), plotted 
on the components 1 and 2 (PCA C) and components 1 and 3 (PCA D).  
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considered to be of lagoonal or alluvial origin. The poor sorting of and scattered distribution 
in quadrant III coincide with high values of loss on ignition (cf. Figs. 4.5-4.9) and therefore 
an enrichment of organic matter. In quadrant II cluster samples of high values of Ca, mean 
grain size and (to a certain extend) K that are considered to be of fluvial origin. In quadrant 
IV samples of the sediment core PIC 2 and the lower part of SUP 10 are found. Between 
these two groups sandy samples that derive from SUP 7 are situated.  
Further, a PCA (Fig. 4.10 C & D) that focuses on the sandy sediments was calculated with 
25 representative samples. Beside the factors used in the former model, the grain shape 
parameters of roundness (RNDS), sphericity (SPHR) and elongation (the length-width ratio 
b/l) (KASPER-ZUGBILLAGA et al. 2005, EAMER et al. 2017) were included. Within this PCA, 
the first three axes explain 40.3 %, 25.5 % and 14.5 %, respectively. The outlier position of 
the samples of sediment core PIC 2 and the lower part of SUP 10 is confirmed as well as 
the exception of the samples of SUP 7. 
 
4.5 Discussion 
4.5.1 Facies determination 
Based on the granulometric, geochemical and statistical results, six different depositional 
facies units were defined:  
 
4.5.1.1 Facies A: sublittoral to littoral 
The majority of the relatively well-sorted medium sand of sediment core SUP 7 stands out 
with very coarse mean grain size up to ~300 µm and a unimodal grain-size distribution. This 
points to hydrodynamic conditions with rather high sediment transport capacities, consistent 
with wave-dominated coastal conditions (FOLK & WARD 1957, HESP 2002, DINGLER 2005). 
The geochemistry is characterized by relatively high values of Ca and K and low values of 
Fe. In Fig. 4.10 A they scatter between the two outlier groups in quadrants II and IV. How-
ever, a separation from facies D remains challenging due to the proximity of the Supsa river 
mouth and its fluvial deposits. Nonetheless, the littoral deposits show a slightly better sort-
ing. 
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4.5.1.2 Facies B: alluvial (overbank deposits) 
This facies is in general characterised by silty to clayey deposits with elevated K and Ca 
contents and relatively low LOI values. It can be found in all of the analysed sediment cores 
and dominates the stratigraphy of SUP 3, SUP 4 and SUP 6. It was deposited as suspended 
sediment load across the floodplain surface by diffuse and channelized flows (DUNNE & 
AALTO 2013). These channel suspended loads and overbank deposits (overbank fines) are 
accumulated in slack waters of floodplain depressions (BLAIR & MCPHERSON 1994). In this 
facies, coarser deposits with varying fine sand content and Ca/Fe and Ca/K values repre-
sent fluctuating hydrodynamic conditions during the outflow of fluvial deposits, e.g. during 
the formation of crevasse splays by breaching of levees of the Supsa (or Rioni) River 
(NORTH & DAVIDSON, 2012). 
 
4.5.1.3 Facies C: semi-terrestrial (peat and organic-rich deposits) 
Facies C is characterized by poor sorting and considerably elevated LOI and K values. The 
numerous well-preserved macroscopic plant remains and, to some extent, elevated Fe and 
S values point to anoxic conditions (TURNEY et al. 2005). The typical high TOC/N ratios 
(JOOSTEN, KAFFKE & MATCHUTADZE 2003) indicate the dominance of cellulosic plants of 
peat bogs (MEYERS & TERANES, 2001). Although there are many layers with high LOI values 
and plant fragments, real peat layers were only found in the sediment cores SUP 3, SUP 4 
and SUP 10 where LOI contents rise above 30 to 40 % (Arbeitsgruppe Boden 1994).  
 
4.5.1.4 Facies D: lagoonal/coastal lake 
In terms of grain size and geochemistry, the sediments of this facies closely resemble the 
sediments of Facies B. However, this facies can be separated by slightly higher Ca/Fe and 
Ca/K ratios and lower Si and Ti contents (CUVEN, FRANCUS & LAMOUREUX, 2011, MARTIN-
PUERTAS et al. 2011). The strong resemblance to Facies B can be explained by the slow 
transition from still water environment to deltaic semi-dry conditions. Since there is no mi-
crofaunal evidence it remains challenging to estimate the salinity. Therefore, we cannot 
differentiate between a lagoon or a coastal lake. Although deposited under low-energy con-
ditions, several samples from the lagoonal/coastal lake strata reveal a coarser grain size. 
The grain-size variations may be explained by changing conditions within the water body 
such as proximity of fluvial currents caused by river avulsion and floods or storms. 
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4.5.1.5 Facies E: fluvial  
A large portion of the sandy deposits in the sediment cores are characterized by moderate 
to poor sorting and slightly elevated Fe and K values which hints at an increased input of 
terrestrial material (ARZ, PÄTZOLD & WEFER 1998, KUJAU et al. 2010). They were found in 
sediment cores SUP 3, SUP 4, SUP 6, SUP 7, SUP 10 and PIC 2 and can be assumed to 
be of fluvial origin, primarily linked to sediment input by distributary channels of the Supsa. 
The varying grain size can, for instance, be explained by river avulsion and temporary lateral 
channel migration and by deposition during larger floods in areas close to distributary chan-
nels. Though there are some terrestrial markers (e.g. increased Fe and K values, e.g. DA-
VIES, LAMB & ROBERTS 2015) and, generally speaking, the facies is quite heterogeneous 
(DUNNE & AALTO 2013), the differentiation to facies A remains challenging. The similar char-
acteristics can be explained by the close proximity of the river mouth to the shoreline. Many 
littoral deposits derive from the Supsa and are only transported for a very short distance 
along the shore and are then relocated by the sea. By means of the lower values of round-
ness and sphericity (Fig. 4.10 C), an approximate separation can be achieved (cf. KASPER-
ZUBILLAGA et al. 2005). The lowermost stratum of sediment core SUP 10 shows a slightly 
better sorting than most other layers of this facies. A certain marine or littoral influence may 
be assumed; it will be discussed in chapter 5.3. 
 
4.5.1.6 Facies F: anthropogenic 
This facies occurs only in the sediment core SUP 10 between 6.56 and 7.51 m b.s. The 
fine-grained matrix closely resembles facies B. However, the large number of burnt clay, 
ceramic fragments and charcoal indicate a human-induced deposition or, at least, a strong 
post-depositional human influence. In the other cores, only random findings of burnt clay 
flitters and charcoal indicate possible human activity.  
 
4.5.2 Implications for the local relative sea-level evolution 
As for reconstructing former sea levels, the most reliable samples of this research derive 
from peat layers, which are directly related to the back-barrier groundwater table and, thus, 
to the local relative sea level (PIRAZZOLI 1991, VÖTT 2007, BRÜCKNER et al. 2010, LAER-
MANNS et al. 2018a). Regarding the stratigraphical position of most peat layers – they are 
superimposed by lagoonal/coastal lake deposits – a peat growth in a situation comparable 
to the swamps and peat bogs of floodplains today and a subsequent drowning in the course 
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of RSL rise seems most likely. Although the peat might also derive from riverine environ-
ments of the Supsa fan, e.g. oxbows, we assume a comparable groundwater table due to 
the proximity to coast and floodplain environments and, therefore, an indirect sea-level in-
dicator even if marine layers were not reached. However, there may be a significant vertical 
error range to be considered for RSL reconstructions based on these peat layers which is 
still debated. Only limited data exists to compare and quantify compaction (TÖRNQUIST et 
al. 2008). While PIRAZZOLI (1996) calculated a vertical confidence interval of ±0.5 m, recent 
publications rather hint to varying rates, depending on grain size distribution, organic matter 
and water content (HORTON & SHENNAN 2009). These factors affect not only the peat layers, 
but with varying influence also the (fine grained) Holocene sediments below (BUNGENSTOCK 
& WEERTS 2010). From such layers derive the samples that were taken from alluvial facies.  
 
Fig. 4.11: Sea-level index points based on radiocarbon dating of the Supsa delta region with a first 
estimated sea-level curve (SUPSA, in green). An arrow pointing downwards indicates 14C-dated ma-
terial from an alluvial context; a cross indicates 14C-dated paralic peat. For comparison, sea-level 
curves from the central part of the Colchian plain (KUL) and from sites of the Taman Peninsula (SW 
Russia, north-eastern Black Sea: SEM, GOL, DZHI) are also shown. KUL = Kulevi area north of Poti 
(Laermanns et al. 2017a), SEM = Semebratnee (Brückner et al. 2010), GOL = Golobitskaya (Kel-
terbaum et al. 2011), and DZHI = Dschiginka (Fouache et al. 2012).  
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These index points serve as indicators for the maximum sea-level position at a certain time. 
Beside compaction, other mechanisms such as tectonic subsidence must be taken into 
consideration (Bungestock & Weerts 2010). Therefore, the relative sea-level position for 
each data point can only be seen as a relative indicator (Fig. 4.11) and must not be trans-
ferred to other locations where different sedimentary and tectonic settings may prevail 
(BUNGENSTOCK & WEERTS 2012). 
Although establishing a relative sea-level curve for the Supsa area remains challenging due 
to the small number of radiocarbon samples that can be used as index points of the former 
sea levels, a local relative sea-level position at about -10 to -8 m can be reconstructed for 
the time between 4000 and 3500 cal BC. Later, during the 1st millennium BC, a gradual but 
relatively steep rise from -5 to -3/-2 m is suggested. During the 2nd millennium AD, the RSL 
approximates the modern level. We are aware that these 14C-dated sea-level indicators and 
the limited knowledge about tectonics, compaction and subsidence rates (GAMKRELIDZE 
1998, ADAMIA et al. 2011) include several uncertainties (BRÜCKNER et al. 2010). Further-
more, changes of the coastline, e.g. opening or closing of the lagoon (Lake Paliastomi) or 
dislocations of the palaeochannel of the Supsa, might have had a major influence on the 
samples’ setting as well. However, the comparison with earlier studies of the regions reveals 
at least similar trends. In general, the sea-level evolution in the Supsa area mirrors the 
investigations between the rivers Rioni and Khobistskali (LAERMANNS et al. 2018a). How-
ever, the steeper RSL rise the 4th to the 1st millennium BC presented there (Fig. 4.11) might 
be attributed to the different location closer to the Rioni and the resulting different compac-
tion and subsidence.  
Further, there are several similarities between these RSL data from Georgia and data from 
the Taman Peninsula at the sites of Semebratnee (BRÜCKNER et al. 2010), Golobitskaya 
(KELTERBAUM et al. 2011), and Dschiginka (FOUACHE et al. 2012). Especially when com-
pared to the RSL curves of Semebratnee and Golobitskaya for the last ~3000 years, these 
curves look much alike the one from the Supsa delta region. Beyond 2000 cal BC, our RSL 
indicators fit well with the curves of Semebratnee and Dschiginka. In general, the RSL curve 
from the Colchian coast of Georgia resembles quite well those of the Taman Peninsula and 
others of the Mediterranean (VÖTT 2007, VÖTT et al. 2007, BRÜCKNER et al. 2010). As al-
ready stated, the differences between the single curves most likely originate from local ef-
fects, e.g. different subsidence and compaction rates as well as local tectonics. It is in any 
case noteworthy that no hints for significant sea-level oscillations during the mid- to late 
Holocene, as proposed by various authors (e.g. BALABANOV 2007), were detected in our 
data.  
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4.5.3 Palaeo-environmental evolution of the Supsa delta area 
The sediment record elucidated by the drillings from the Supsa area yields some hints for 
the landscape change that has taken place since the mid-Holocene. While being a contri-
bution to the complex formation of the fan, the data from individual cores can only provide 
local information. However, several repetitive patterns were identified, so that a general 
trend of processes can be assumed.  
The sands in the lowermost part of sediment core SUP 10 resemble closely in terms of 
geochemistry, sorting and grain shape parameters (Figs. 4.7, 4.9 & 4.11) to those of sedi-
ment core PIC 2, suggesting a similar (Rioni-based) origin, i.e. a possible littoral relocation 
of deposits originating from the Rioni may explain their differentiation from the Supsa fan 
deposits. Due to their slightly better sorting and a possible relocation they were considered 
not to be deposits of the alluvial fan and were classified as fluvio-marine deposits instead 
(Fig. 4.7). Considering the 25-times higher sediment load of the Rioni today (BERKUN, ARAS 
& AKDEMIR 2015), this seems quite likely. However, there is no evidence for a progradation 
of the Supsa fan to any of the investigated sites by 3000 BC (Fig. 4.12 A). Instead, the 
growth of paralic (coastal) peat continued, comparable to the Rioni area further north (LAER-
MANNS et al. 2018a). This holds true for northern and western parts of the Supsa fan, where 
at the sites of sediment cores SUP 3 and SUP 4 peat growth is indicated since the mid-5th 
to the mid-4th millennium BC (Figs. 4.5, 4.6 & 4.12, Tab. 4.1). This would indicate that at 
least since some time before 3000 BC, a sand spit had evolved by the longshore drift, which 
separated the research area from the open sea; then lagoonal conditions represented the 
continuation of the Holocene transgression (RYAN 2007, GIOSAN, FILIP & CONSTANTINESCU 
2009, FOUACHE et al. 2010). When the growth of the paralic peat could not keep pace with 
the ongoing rise in sea level, it was covered by fine-grained sediments related either to 
standing water bodies such as shallow lagoons, coastal lakes or alluvial deposits (for SUP 
4 see Fig. 4.6).  
In contrast to this general process, which can be assumed for the entire Colchian plain 
during the mid-Holocene, the evolution of the Supsa fan forms an outstanding element of 
the local geomorphology. While in the open plain fine-grained material dominates the stra-
tigraphy, the Supsa introduced an exceptional share of coarser sediments on the plain, 
related to the formation of the semi-circular alluvial fan just north of the foothills of the Lesser 
Caucasus. Its natural shape is clearly visible and protrudes beyond the surrounding plain 
(Fig. 4.2), although an intensive agricultural use and drainage systems strongly reshaped 
the terrain.  
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Fig. 4.12: Palaeoenvironmental evolu-
tion of the Supsa delta region and the 
adjacent areas. The transformation from 
lagoonal conditions to an alluvial plain 
took place since at least 3000 BC. The 
Supsa built a remarkable fan that pro-
graded first to the north (B) and shifted 
later westward (C). During the 1st millen-
nium BC, Colchians and Greeks settled 
between the fan and the coastline which 
is documented by several ceramic find-
ings and graves. 
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Furthermore, the sandy sediment of the Supsa fan can be separated from sandy deposits 
of the Rioni-dominated floodplain sediments by higher K and Fe contents, a higher grade 
of sphericity and slightly poorer sorting (Fig. 4.10), which most likely derived from the differ-
ent geologic settings and transport distances. The typical interdigitations of alluvial fan-re-
lated distributary channels and fine-grained alluvial deposits are reflected in sediment core 
SUP 3 and in the upper part of SUP 10. The chronostratigraphy of SUP 3 in the northern 
part of the fan indicates that channel deposits of ~2.40 m thickness reached that site after 
the mid-3rd millennium BC (Fig. 4.12 B). Similar deposits were found in sediment cores SUP 
4 and SUP 10 in the western section of the fan, although of different thickness and grain 
size; here, these channel deposits accumulated considerably later, i.e. in the 1st millennium 
AD (Fig. 4.12 C). A comparable layer recurs in the northern sediment core SUP 3 as well, 
just above a peat layer, which dates back to the second half of the 1st millennium BC. These 
results indicate that the main activity and progradation of the Supsa fan shifted between the 
2nd millennium BC and the 1st millennium AD from north to west.  
Beside this general fan evolution several areas were only marginally affected by the pro-
gradation. Sediment core SUP 5, where only fine sediments were found, exemplifies that 
close to the foothills of the lesser Caucasus the quiescent depositional conditions of the 
central Colchian plain prevailed over a longer period. Close by, sediment core SUP 6 shows 
in contrast a different stratigraphy, which is clearly dominated by fluvial deposits emerging 
from the small tributary valley (Figs. 4.1, 4.12).  
In contrast, the area west of the Supsa fan, around the modern river mouth, reveals a dif-
ferent stratigraphy. In the sediment core SUP 7 (Fig. 4.1), coarse sand of most likely littoral 
origin dominates, which is reflected by the relatively high Ca/K and Ca/Fe ratios and the low 
Fe contents (DAVIES, LAMB & ROBERTS 2015). However, the lower sections resemble to a 
certain extend the (fluvial) deposits of the sediment cores taken from the Supsa fan, alt-
hough the main grain size is coarser and comparable to the fluvial deposits of sediment 
core PIC 2 in the Rioni catchment. Plus, the sand is better sorted which indicates the littoral 
relocation and reworking through longshore drift (FOLK & WARD 1957, HESP 2002). The lo-
cation in the PCAs in Fig. 4.10 confirms the different composition and deposition. Conditions 
gradually change upwards, documenting the increasing influence of the Supsa River at the 
site of SUP 7. 
Considering the sediment successions at all the investigated sites we can assume that 
~4000 BC the research area was characterised by standing water bodies, likely related to 
lagoonal environments, with fine-grained sediments separated from the open sea by a con-
tinuously evolving beach barrier complex. Due to continued riverine sediment input, the 
lagoons silted up (BERKUN et al. 2015), and extended peat bogs formed east of the beach 
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ridges. Comparable processes are known from the central Kolkheti lowlands (LAERMANNS 
et al. 2018a), as well as from areas further south (CONNOR, THOMAS & KVAVADZE 2007, DE 
KLERK et al. 2009). The formation of the Supsa fan advanced at least since the 3rd millen-
nium BC, first to the north and later to the west.  
 
4.5.4 Human occupation  
Traces of human occupation in the research area can be found in sediment core SUP 10 
where between 7.51 and 6.56 m b.s. the entire layer is full of brick fragments, ceramic re-
mains and charcoal flitters. Obviously a human settlement existed at or close to this coring 
site. The radiocarbon ages, which were gained from the uppermost part from the layer be-
low and the uppermost part of the archaeological layer, indicate an occupation between 
1893-1701 cal BC and 778-990 cal AD (Table 1). The huge age gap within a rather small 
vertical distance could have been caused by the removal sediments during construction 
activities. Although the homogeneity of the brick fragments hints at a same origin, it remains 
unclear if this settlement is of Colchian, Greek or Roman/Byzantine origin. In any case, 
beside the artefacts, the geochemical evidence, namely the sharp increase in Cu and Zn 
values, confirms human activities.  
The area of the findings is located between the present shoreline in the west and the north-
ern part of the Supsa fan in the east. This suggests that ancient people settled in the vicinity 
of the swampy but fertile back-barrier areas, which are dominated by alluvial deposits since 
at least ca. 2000 BC (in case of the site of sediment core SUP 10). According to the radio-
carbon ages, the gradual shift to a floodplain environment was completed between the 9th 
and the 11th centuries AD (Figs. 4.5, 4.6). Such settlement locations are known from differ-
ent sites along the Colchian coast, e.g. close to Ureki (MIRON & ORTHMANN 1995, GAMKRELI-
DZE 2012), or near Kobuleti, where the ancient settlement of Ispani was situated in a similar 
back-barrier position (CONNOR, THOMAS & KVAVADZE 2007, DE KLERK et al. 2009); it was 
later covered by sands.  
 
4.6 Conclusions 
Based on the analysis of eight sediment cores a significant landscape change could be 
proven for the Supsa delta fan and the adjacent areas on the Colchian plain. By using a 
combination of sedimentological and geochemical parameters different depositional facies 
were classified. Their succession reflects the palaeoenvironmental evolution of the area 
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over the last 6000 years. The southern part of the Colchian plain underwent a similar mor-
phogenesis as the areas of the Rioni and other rivers further north (LAERMANNS et al. 
2018a). Although the complex setting of the delta forms a challenging geo-archive several 
general trends can be assumed.  
After the deceleration of the postglacial sea-level rise around 7000 years ago (BRÜCKNER 
et al. 2010), deltaic progradation became the dominant landscape-forming coastal process 
(ANTHONY, MARRINER & MORHANGE 2014). In the research area, a beach barrier complex 
evolved which led to the formation of extensive lagoons. Thus, the area was separated from 
the open sea by longshore-transported sediments. The Supsa river debouched into that 
vast lagoon and later floodplain environment, thus having formed a remarkable alluvial fan 
at least since the 3rd millennium BC. This fan stands out with its elevated relief and a sedi-
ment stratigraphy that can well be differentiated from the Rioni-dominated deposits of the 
plain by grain-shape characteristics and geochemical parameters. The beach barrier com-
plex was formed first with material that had been eroded from cliff sections to the south, 
later also by sediments that originated from the Rioni and the Supsa.  
The indicated sea-level evolution must be considered with caution due to limited information 
on subsidence and compaction rates, the complex delta setting and only few index points. 
Nevertheless, an overall continuous rise is suggested, and the sea-level trend resembles 
those RSL curves from Taman Peninsula (FOUACHE et al. 2012) and the central parts of the 
Colchian plain (LAERMANNS et al. 2018a). However, considering the mentioned challenges 
our results should be rather taken as an indication for the sea-level trend, not as a sea-level 
curve.  
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Chapter 5 
5 Discussion 
This research project deals with environmental changes and the Holocene palaeogeogra-
phy of the coastal areas of the Colchian plain, and their interactions with human societies 
on the Black Sea shore of Georgia. Based on detailed investigations that were conducted 
(Chapters 2-4), the initial working hypotheses and research goals presented in Chapter 1.3. 
shall be discussed in this section. Furthermore, preliminary results of palynological research 
(Appendix A) carried out in the study area will also be included in this chapter.  
 
5.1 Significant landscape and environmental changes during the Hol-
ocene 
Reconstructing the Holocene evolution of the coastline and its hinterland, and deciphering 
the processes driving these changes, is of great importance for our understanding of the 
Colchian region. Therefore, geo-bio-archives were used to probe palaeoenvironmental 
changes.  
Since the deceleration and stabilization of sea-level rise sediment supply due to long-shore 
drift and fluvial input has become the major factor driving coastline evolution (Anthony et al. 
2014). Within this context, significant coastal changes have occurred. Hence, the major 
focus was to detect shallow marine or littoral sediments in the drill cores in order to recon-
struct such changes. Although we assumed an initial shallow marine facies (at least of an 
open bay) in two of our sediment cores (KUL 7 and KUL 12, north of the Rioni, Area B, 
Chapter 2) it was eventually disproved by the palynological analyses of Suzanne Leroy 
(Appendix A). No dynocysts were found and therefore a marine influence is very unlikely. 
In addition, the relatively fine-grained sediments indicated standing water bodies and qui-
escent depositional conditions and thus the existence of a coastal barrier seaward, i.e. west 
of the drilling points already ca. 6000 cal BC. Consequently, the palaeo-barrier was located 
at a maximum distance of approx. 3 km to the east of the beach ridges of the modern coast. 
   Chapter 5 
135 
 
 
  
  
F
ig
. 
5
.1
: 
P
a
la
e
o
e
n
v
ir
o
n
m
e
n
ta
l 
e
v
o
lu
ti
o
n
 o
f 
th
e
 r
e
s
e
a
rc
h
 a
re
a
 s
in
c
e
 3
0
0
0
 B
C
 (
b
a
s
e
d
 o
n
: 
A
S
T
E
R
 S
h
a
d
e
d
 M
o
d
e
l,
 o
w
n
 d
e
s
ig
n
 2
0
1
7
) 
   Chapter 5 
136 
 
This coincides with the radiocarbon dating of sediment core KUL 3, situated on the oldest 
of the recent beach ridges, which proves that, at least since ~1500 BC, coarse littoral sands 
had been deposited there. IRSL-ages of the top of beach ridges show that they have been 
stable for at least 1000 years, also indicating a constant topography on a smaller scale 
(Chapter 2). Additional indications of a "stable" coastline are the mid-3rd millennium BC sites 
of Ontskoshia, close to Anaklia (Area A, Janelidze & Tatashidze 2010) and Ispani, close to 
Kobuleti further south which were built in back barrier locations, 1-2 km from the present 
shoreline (Connor et al. 2007, de Klerk et al. 2009). The situation may be comparable to 
the Curonian Spit (Baltic Sea), where also longshore drift caused the evolution of a sand 
barrier, and the absence of significant tides allowed a formation without intersections by 
openings (Zhamoida et al. 2009, Žaromskis & Gulbinskasas 2010) known e.g. from the 
barrier islands of the North Sea (Bungenstock & Schäfer 2009). 
The palaeogeography of the alluvial plain has changed significantly. Following the maxi-
mum ingression of the sea, within the context of the reconnection between the Mediterra-
nean and the Black Sea around 5500 BC (Pitman & Ryan 1998), an alluvial plain started to 
evolve due to the progradation of the river deltas, in this case primarily the Rioni and its 
tributaries. Such processes where fluvial sediment supply fills embayments thus leading to 
a continued progradation of the shoreline are well documented in the Mediterranean, e.g. 
the Küçük Menderes, Büyük Menderes and Karamenderes in the Aegean Sea (Kraft et al. 
2003, Brückner 2005, Brückner et al. 2002, Anthony et al., 2014; Stock et al. 2013, 2016) 
and also for the Caspian Sea (Kazancı et al. 2004, Naderi Beni et al. 2013, Haghani et al. 
2015).  
We have demonstrated that, since ~3500 BC, alluvial sediments of the Rioni and the adja-
cent rivers reached the study area and started infilling the vast lagoon(s). For the northern 
part of the research area (Area A), the existence of an alluvial floodplain can be stated since 
at least the 3rd millennium BC. In other parts of the lowlands, this shift took place significantly 
later, e.g. between ~1500 and ~350 cal BC along the lower Rioni where on the northern 
branch huge swamp areas with relict lakes prevailed (Area B, Chapter 2). South of the Rioni, 
Lake Paliastomi still gives an impression of what the former lagoons may have looked like. 
On the southern edge of the research area where the Supsa fan formed a special morphol-
ogy some relict lagoons prevailed until at least the 1st millennium BC (Area C, Chapter 4). 
The granulometric results of the sediments from the surroundings of the Supsa fan indicate 
that even there the largest proportion of the sediment is supplied by the Rioni. This leads to 
the conclusion that its annual sediment load is twenty times higher than the load of the 
Supsa (Berkun et al. 2015).  
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The available palynological data indicate an overall warm and humid climate throughout the 
last six millennia (Connor et al. 2007); however, several stages and slight changes are de-
tectable. For instance, during the Sub-Boreal climate optimum, lasting from 1850 to 1400 
BC, high temperatures and precipitations were reconstructed (Kvavadze & Connor 2005, 
Arslanov et al. 2007). Although our own preliminary palynological investigations only cover 
the second half of the 5th millennium BC (between 4533-4366 cal BC and 4036-3804 cal 
BC), the elucidated conditions are largely similar (Fig. A.1, Appendix A). The pollen that 
were preserved in the fine grained lagoonal deposits indicate open alder and birch forests 
with some hornbeam and hazel, species that still dominate the landscape today. In addition 
to this, high frequencies of Cyperaceae sedge-pollen reveal that reed areas and swamps 
covered extensive parts as well. Within that time span a trend towards slightly drier condi-
tions is documented, which is shown by an increasing proportion of arbol pollen and a de-
crease of non-arbol pollen.  
However, even if there were certain variations in the region's climate, it can be stated that 
the general conditions remained similar during the late Holocene (Connor et al. 2007, de 
Klerk et al. 2009). The humid climate and the swampy conditions are also described by 
several ancient authors who provide important descriptions of the Colchian landscape dur-
ing the Greek and Roman periods (de Klerk et al. 2009). For example Hippocrates (~460 – 
~370 BC) and Strabo (64/63 BC – AD 24) both reported that the climate was hot and humid 
and that the surroundings of Phasis and the Rioni consisted of marshy forests with swamps, 
where people used boats to travel (cf., Jouanna 1996, de Klerk et al. 2009, Gamkrelidze, 
2012).  
 
5.2 Holocene sea-level curve of the Black Sea coast of Georgia 
Based on five sediment cores and 22 samples, two curves could be established from the 
area between the Rioni and Khobistskali and the surroundings of the Supsa fan. The rela-
tionship of each dated sample to the respective palaeo sea level allows for an approximation 
of the relative sea-level position for each data point, thus allowing us to probe the general 
trends in relative sea level. To obtain reliable information on this topic, it is necessary to 
consider the different depositional facies of the dated material.  
Eight samples were taken from peat layers. Due to the proximity to the coast and the exist-
ence of vast peat bogs in the research area today, it can be assumed that they represent 
paralic peat layers. These layers are directly related to the back-barrier groundwater table, 
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and therefore also to the local relative sea level (Pirazzoli 1991, Vött 2007). Despite a ver-
tical error range of ~0.5 m which must be assumed (Pirazzoli 1996, Behre 2003), they are 
considered to be good sea-level indicators.  
Three samples derive from lagoonal deposits. This material was deposited below the former 
local sea level. Due to the subsequent peat growth and the very shallow bathymetry of the 
coastal margin Black Sea in western Georgia, a deposition close to the lagoonal water table 
is most likely. Hence these samples represent minimum values of the sea-level position at 
a certain time. We assume rather shallow lagoonal conditions and a deposition close to the 
lagoonal water, since subsequently peat evolved.  
Another set of ten samples was taken from alluvial facies that can be related to the deposi-
tion of overbank fine-grained sediments on the floodplain. They derive from areas that are 
located above the former local sea level. At present, the dry floodplain shows maximum 
elevations of ~3 m and therefore represents a maximum sea level position.  
Based on these assumptions it was possible to reconstruct local relative sea-level trends 
for the Kulevi and Supsa areas (Areas B & C). In Area B around Kulevi and the Rioni delta, 
our data indicate a local relative sea level at ~-9 to -10 m ca. 6000 cal BC. In the course of 
the subsequent sea-level rise it reached a level between ~-7 and -3 m ca. 3500 cal BC. 
With a gradual decelerated rise until 2000-1500 cal BC, a sea level of ~3-2 m below its 
present position was reached. Then the water table rose gradually and slowly until today’s 
level.  
A similar trend was reconstructed for the Supsa area (Area C). In this area, we assume a 
local RSL of ~-10 to -8 m for a time span between 4000 and 3500 cal BC. During the 1st 
millennium BC, a gradual but relatively steep rise from -5 to -3/-2 m is assumed. Afterwards 
the rise decelerated and is similar to the one of the Rioni/Kulevi area.  
Though the two curves show very similar trends and are comparable for the last 1500 years, 
the differences prior to 1 BC/AD are obvious. While in the Kulevi area the accelerated rise 
from ~-5 to ~-2 m took place between 4000 and 1500 cal BC, a similar trend is assumed for 
the Supsa area some time later, between 1000 and 1 cal BC/AD. Nevertheless, the two 
curves need not to be harmonised, since they originate from different sites and may have 
been influenced by different local effects. For example, it needs to be considered that the 
region is subject to subsidence (tectonic subsidence and/or compaction) due to its location 
in a back-arc marginal extensional basin between the Caucasus ridges (Yılmaz et al., 2013). 
Although the high subsidence rates of 2-6 mm/a suggested by Gamkrelidze (1998) are 
probably overestimated, local tectonics must be considered as an important factor. Thus, 
the proximity of the Supsa area to the Adjara-Trialeti Thrust Belt (ATTB) (Adamia et al. 
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2011, Forte et al. 2014) with a horizontal offset of 2 mm/a (Avdeev & Niemi 2011, Yılmaz et 
al. 2013) may also have caused the vertical offset, which would be a possible explanation 
for the different courses of the Kulevi and Supsa RSL-curves.  
However, it is obvious that the relative local sea-level rise can be considered as one of the 
most important factors of the landscape change of coastal Georgia. The coastline evolution 
and the shoreline position depend strongly on stable sea-level conditions. The evolution of 
the deltas that deliver their sediments to the sea is also dependent on stable conditions 
(Brückner et al. 2005). Therefore, the time of the silting of great parts of the former coastal 
lagoon is in accordance with the time of the deceleration of the relative sea-level rise be-
tween 3500 and 1500 cal BC. 
 
Fig. 5.2: Sea-level curves of the surroundings of the Rioni delta and the Kulevi swamps (KULEVI, in 
blue) and the Supsa area (SUPSA, in green) with indicated radiocarbon ages (in corresponding col-
ours). Further comparison is given to other RSL curves by Balabanov (2007, 2009) and from the 
sites of the north-eastern Black Sea, e.g., SEM = Semebratnee (Brückner et al. 2010), GOL = Golo-
bitskaya (Kelterbaum et al. 2011), and DZHI = Dschiginka (Fouache et al. 2012), all on Taman Pen-
insula in SW Russia. Own design 2017. 
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5.3 Evaluation of the RSL evolution in the context of the Black Sea 
curve debate 
The new RSL data are an important contribution to the ongoing debate on how sea level in 
the Black Sea has developed during the Holocene, whether its course is oscillating (Bala-
banov 2007, 2009) or continuously rising (cf. Hiscott et al. 2002; Giosan et al. 2009, Brück-
ner et al. 2010, Fouache et al. 2012). However, some of the sea-level indicators used here 
and the radiocarbon dating method in general contain several uncertainties (Brückner et al. 
2010), and the reconstructed curves should be considered with caution due to limited relia-
ble information on tectonics and subsidence rates (cf. Chapter 5.1; Gamkrelidze 1998, Ada-
mia et al. 2011). Nevertheless, correlations between our data and data from research on 
the Taman Peninsula (SW Russia) are obvious. Compared with the RSL curves from the 
sites of Semebratnee (Brückner et al. 2010), Golobitskaya (Kelterbaum et al. 2011), and 
Dschiginka (Fouache et al. 2012) our curves grosso modo show similar trends (Fig. 5.2). In 
particular, when compared to the RSL curves of Semebratnee and Golobitskaya for the last 
~3000 years. After 2000 cal BC, the estimates of the Supsa area fit better than the curve of 
the Kulevi area, although the representation of the small number of samples must not be 
neglected. However, the general trend of the RSL curves from the Georgian coast closely 
mirrors those of the Taman peninsula in addition to other RSL models of the Eastern Med-
iterranean (Vött 2007, Vött et al. 2007, Brückner et al. 2010). The differences are most 
probably the result of local tectonic settings of the Colchian coast (Fouache et al. 2012).  
The crucial question of significant oscillations during the last 6000 years as postulated in 
the so-called Balabanov-curve (Balabanov 2009) and several other publications (e.g., Mar-
tin et al. 2007, Martin & Yanko-Hombach 2011, Bolikhovskaya et al. 2017; see also Chapter 
1.1.1) must be rejected on the basis of this data. Though the number of age estimates is 
small, there are no hints for any significant regressions. Even if it is argued that data from 
the Supsa area indicate a steep rise during the 1st millennium BC, which coincides with the 
Balabanov-curve, there is no evidence of any antecedent regressions in sea level. A corre-
lation of the Kulevi-curve with the Balabanov-curve (Fig. 5.2) for the antecedent period is 
not possible due to both the reasons explained above (Chapter 5.2) and the continuous 
course of the Kulevi-curve.  
Another strong argument against the major periods of falling sea-levels proposed by the 
Balabanov-curve is the stable position of the coastline. It would definitely have been af-
fected regressions of the Black Sea. In fact, there is neither an evidence for coastline dis-
placement or drowned palaeo-coasts in our sediment cores nor is there any convincing field 
evidence mentioned in the literature.  
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Furthermore, there is no archaeological evidence for an event such as the so-called 
Phanagorian Regression. The settlements in the Supsa area (Chapter 4) and close to Ureki 
and Anaklia (Miron & Orthmann 1995, Gamkrelidze 2012) were found in back barrier posi-
tions close to the coastline; therefore, they contradict such a regression as well. However, 
while we cannot entirely exclude the possibility of small-scaled RSL-variations (Leorri et al. 
2006, Dzhanelidze 2007, Erginal et al. 2013) due to the mentioned uncertainties (Chapter 
5.1), which would nevertheless be unlikely considering data from the Mediterranean; we 
definitely deny any regressions in the scale of the so-called Phanagorian regression as 
presented in the Balabanov curve for the research area of this study (cf. Chapter 1.1.1).  
 
5.4 Human occupation – the Colchian settlement mounds 
Of the sparse Bronze Age (or older) settlement remains in the Colchian plain the 
Dikhagudzuba settlement mounds may not be the oldest, but they are definitely the best 
preserved. Compared to the older sites of Ispani (Tsetskhladze 1999, Papuashvili & Pa-
puashvili 2014), and Ontskoshia (Janelidze & Tatashidze 2010) that were covered by sed-
iment, the mounds' massive shape prevailed over several millennia to date. They are, there-
fore, of special geoarchaeological interest to investigate the occupation history and possible 
dependencies on distinct landscapes changes.  
Firstly, similar patterns on the mounds' location were identified. Almost all known settlement 
mounds are located on the fertile coastal plain between the two rivers Enguri and 
Khobistskali. While a few are isolated, the majority is located in proximity to each other, 
some are separated by just a few hundred metres, which indicates a relatively dense occu-
pation. The three investigated settlement mounds (Ergeta 1, Orulu 1 and Orulu 2; Chapter 
3) were founded on slightly elevated natural locations, on top of fine-grained alluvial depos-
its with fine fluvial-sand intercalations below. Furthermore, remains of circular surrounding 
ditches or moats were discovered. Whether they were built for defensive or drainage pur-
poses (or both) is unclear (see Parkinson et al. 2004, Parkinson & Duffy 2007, Gauss et al. 
2013); however, humid conditions with standing water bodies during their building period 
evoke drainage. This assumption coincides with our research in Area B (Chapter 2) and the 
data of for example, Kvavadze & Connor (2005), Arslanov et al. (2007), Connor et al. (2007), 
and de Klerk et al. (2009). A rising groundwater table, attributed to the sea-level evolution 
of the Black Sea (Chapters 2, 5.2 & 5.3, and, e.g., Giosan et al. 2006, Brückner et al. 2010, 
Fouache et al. 2012) might also have affected the conditions for settling in the marshlands 
of the plain, since drainage was needed around the settlement mounds. Such swampy con-
ditions are further attested by many historical sources, e.g., in Hippocrates’ treaty On the 
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Airs, Waters, and Places (Jouanna, 1996), in the Anabasis of Xenophon (cf. Dan 2014, 
2016) and in reports of Strabo etc. where warm and humid conditions are stated (Lord-
kipanidze 1991, Tsetskhladze 1997, Sens 2009).  
Secondly, all investigated mounds are of similar size. Using the Structure-from-Motion tech-
niques (SfM) (Westoby et al. 2012), the ground size of mound Ergeta 1 was estimated to 
be ~1240 m² with a volume of ~4200 m³. The two mounds in Orulu are of similar dimensions. 
This is rather small as compared to other dwelling forms all over Europe (see Chapter 3 & 
5.5) where constructed mounds and tells, for example, reach ground sizes between 3600 
m² in Flanders (Ervynck et al. 2012) to more than 20000 m² in Thessaly (Runnels et al. 
2009). 
Thirdly, all investigated Colchian settlement mounds consist of the alluvial fines of the sur-
rounding area, which has been proven by the granulometric and geochemical analyses. 
Anthropogenic layers could be differentiated by several parameters, e.g. poorer sorting and 
increased metal and phosphorus content (Guyard et al. 2007, Corella et al. 2012, Nicosia 
et al. 2013, Miller et al. 2014) reflecting an increased human influence. This applies both to 
the settlement mounds themselves, as well as to their direct surroundings, where high phos-
phorus contents indicate cattle breeding (Corella et al. 2012) and disturbed stratification 
hints at the use as farmland our housing areas. This supports a local anthropogenic finger-
print on the alluvial environs starting with the foundation of the settlement mounds.  
 
5.5 A chronostratigraphy of the Colchian settlement mounds 
The initial formation of the three investigated settlement mounds can be dated to the begin-
ning (Orulu 1 & Orulu 2) and the middle (Ergeta 1) of the 2nd millennium, coinciding with the 
local Early to Middle Bronze Age (Figs. 1.6 & 3.11), which supports archaeological assump-
tions (Lordkipanidze 1991, Greppin, 1991). The relatively late occurrence of settlement 
mounds in Western Georgia, as compared to eastern Georgia (Hansen et al. 2007) and 
other regions, i.e. Anatolia (Çilingiroğlu et al. 2012, Horejs 2012) or the Balkans (Parkinson 
& Gyucha 2012), can be explained by the late transformation of the area from a lagoon to 
a floodplain and, thus, the late accessibility. However, earlier occupation and later aban-
donment due to co-seismic subsidence and/or sea-level rise and subsequent burial by del-
taic sediments, e.g. in the case of Ispani (Tsetskhladze 1999, Papuashvili & Papuashvili 
2014) and Ontskoshia (Janelidze & Tatashidze 2010) can, however, not be excluded (cf., 
Hassan 2010, Carozza et al. 2011).  
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The possibility of subsidence and sea-level rise emphasizes the central question whether 
the settlement mounds are cumulative or constructed forms. The answer is closely related 
to the mounds' stratigraphy. While overlapping ages from different layers of the mounds 
Orulu 2 and Ergeta 1 indicate that these two mounds were built during one phase, at Orulu 
1 there is a gap of ~470-800 years between the two dated layers. The short time of accu-
mulation (even in the case of Orulu 1) contradicts the nature of formation of tells with their 
successive accumulation over the long term due to the disintegration of air-dried loam 
bricks.  
Considering the warm and humid climate and the swampy conditions at the time mounds' 
erection (Chapter 5.1; cf. Arslanov et al. 2007, Connor et al. 2007, de Klerk et al. 2009), the 
construction of circular moats and the rather short accumulation phase of Ergeta 1 and 
Orulu 2, an intentional construction of the mounds seems most likely. Possible flood events, 
and the limited accessibility of the swampland, may have necessitated (artificially) elevated 
settlement spots and explains the late occupation, even if alluvial deposits indicate an ear-
lier transformation into a floodplain. These special characteristics can eventually be at-
tributed to local cultural expressions, but probably also due to adaptation strategies to the 
natural circumstances given on the Colchian plain.  
Thus, although we can determine the chronology of the mounds' construction, representing 
maximum ages of occupation, it is rather difficult to constrain the duration of their activity. 
The limited number of 14C ages does not allow a particular differentiation of consecutive 
construction or occupation phases, nor the identification of their abandonment. Archaeolog-
ical investigations and a greater number of reliable age estimates would help to decipher 
the exact chronostratigraphy of the mounds. 
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Chapter 6 
6 Conclusion and Outlook 
This palaeogeographical and geoarchaeological study provides new insights into the Holo-
cene landscape evolution, sea-level changes, occupation history and human-environment 
interactions on the Black Sea coast of Georgia. Based on a variety of methods, e.g., vi-
bracores, sediment trenches, remote sensing techniques, 14C and IRSL dating methods as 
well as geochemical and granulometric analyses, detailed information on the chronostratig-
raphy of this region was gained.  
During the Mid and Late Holocene, the study area was subject to considerable landscape 
changes. The evolution of a spit system, which was located close to the modern coastline, 
separated vast lagoons from the open sea ~6000 cal BC. Continuous sediment supply, 
provided by the rivers of the Colchian plain, and by the Rioni with its high and widespread 
sediment load in particular, transformed great parts of the area into a swampy alluvial plain, 
which was dominated by extensive wetlands covered by peat bogs, reed areas and open 
alder and hazel forests. This transformation took place between 3500 and 1500 cal BC; 
several large water bodies have persisted through to present, such as Lake Paliastomi. 
Nowadays, a substantial part is still occupied by wetlands and open waters, despite the fact 
that since the early 20th century wetlands were systematically transformed into farmland.  
The sedimentation patterns that triggered this landscape change are closely related to an-
other important driving factor, the Holocene sea-level rise (Brückner 2005, Marriner et al. 
2010). Though our data do not cover the reconnection between the Black Sea and the 
Mediterranean, it was possible to reconstruct first preliminary local RSL trends for the areas 
north of the Rioni delta and around the Supsa fan. While in the former case, a sea level of 
~-9 to -10 m is indicated for around 6000 cal BC, in the latter the same level is assumed for 
~4000 cal BC. These differences may be to the result of local tectonics; they preclude a 
synthesis of both curves (Fig. 5.2). However, thereafter the sea-level courses subsequently 
rise continuously and decelerate within the 2nd to 1st millennium BC. For the last 2000 years 
their trends correlate closely.  
In any case, both curves do not show evidence for RSL regressions as postulated, e.g. in 
the Balabanov-curve. Our results contradict the hypothesis of an oscillating sea-level rise 
(e.g. Balabanov 2007, 2009); instead they support the reconstruction of a continuous rise 
   Chapter 6 
145 
 
as proposed, e.g. by Giosan et al. (2006), Brückner et al. (2010), Kelterbaum et al. (2011), 
Fouache et al. (2012).  
We have elucidated the landscape change from open lagoons to an alluvial floodplain. Set-
tlement mounds had been constructed since the early 2nd millennium BC on the Colchian 
plain. This proves the existence of stable settlements there at least since that time. This 
confirms archaeological implications of their Bronze Age origin, which match with other sites 
at the coast, e.g. Ontskoshia (Janelidze & Tatashidze 2010). Though establishing a precise 
chronostratigraphy of these mounds remains challenging, our results suggest an intentional 
accumulation of the mounds within a short time. However, this may be seen as an adapta-
tion strategy to the natural conditions, namely swampy but fertile wetlands. Compared to 
anthropogenic dwelling forms (tells or constructed mounds) of other regions, the settlement 
mounds of the Colchian plain stand out with their grouped occurrence, small size and rela-
tively young age.  
The region's geo-bio-archives offer many opportunities for further investigations on the Hol-
ocene landscape evolution and geoarchaeology along the Black Sea coast of Georgia. In 
particular, the controversially debated local RSL evolution should be studied further in detail. 
In the context of the debate on the postglacial sea-level rise of the Black Sea, a high-reso-
lution analysis with precise and well-dated sea-level indicators would contribute important 
information from this so far neglected part of the Pontus region. In addition, an extended 
chronostratigraphic framework covering the Early Holocene would provide further infor-
mation, not only about the Holocene transgression, but also on the chronology of the recon-
nection of the Mediterranean and the Black Sea.  
Western Georgia is of special interest with regards to its vegetation evolution during the 
Holocene. In particular, it stands out due to its protected location compared to other Pontic 
regions that allowed thermopile species to survive during glacial periods. Several publica-
tions on the vegetation history exist (e.g. Kvavadze & Connor 2005, Connor et al. 2007), a 
high-resolution record covering the whole Holocene is, however, still lacking.  
To fill the gaps on the RSL evolution and the Holocene vegetation history we are planning 
a study of a 48 m long sediment core, which was retrieved by a drilling company in the 
course of a pilot-survey for a highway construction along the Georgian coast. The detailed 
sampling will enable us to refine the existing resolution of the postglacial sea-level rise, 
extend the age ranges of the region's sedimentation pattern and so-far known vegetation 
history. A grant application will be submitted to the German Research Council (DFG).  
Excavating the settlement mounds would clarify their stratigraphy and yield precise data on 
their occupation phases as well as their abandonment. Together with detailed knowledge 
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about coastline changes, river dislocations and the RSL evolution in general and, palaeo-
geographical surveys within the city of Poti and the surroundings of the Rioni delta in par-
ticular, could render important new information about the settlement history of the Colchis 
region. It might also give hints about the still lost city of Phasis. As shown in this PhD thesis, 
these topics and their interdependencies can best be addressed with the interdisciplinary 
research approach of geoarchaeology and palaeogeography.  
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Appendix A 
Palynological, sedimentological and granulometrical analyses on sediment core KUL 
13 
In preparetion to submit a research proposel to the German research Council (DFG) the 
sediment core KUL 13 was palynologically, sedimentologically and granulometrically ana-
lysed in order to demonstrate its suitability for those investigations. We intend to continue 
our studies in Western Georgia to decipher the Holocene and Late Pleistocene vegetation 
history and sea-level evolution on analysing a 48 m-long sediment core that was drilled on 
the western shore of Lake Paliastomi.  
The closed sediment core KUL 13 was taken from the same site as KUL 12 (Figure 2.1), 
which in turn was taken with open tubes, in the most accessible proximity of the centre of 
the swampland between the rivers Khobistskali and Rioni. It was drilled with one-meter-long 
inliners with an overlap of 20 cm to avoid compaction of the sediment material.  
The samples were analysed for their grain size pattern according to the methods described 
in Chapter 2.3.2. The section between the maximum depth at 12.00 m and 10.40 m b.s. 
were analysed with an energy-dispersive X-ray fluorescence (XRF) Itrax Core Scanner (Cox 
Analytical Systems, Sweden; Croudace et al. 2006) equipped with a 1.9 kW chromium (Cr) 
X-ray tube set to a voltage and current of 30 kV and 30 mA. Measurements were conducted 
in 2 mm resolution within an exposure time of 20 seconds. Magnetic susceptibility (MagSus) 
measurements were performed three times for each sample using a Bartington MS2B sen-
sor. Two samples were taken for radiocarbon dating and calibrated using CALIB 7.1 soft-
ware and IntCal13 data set (Stuiver & Reimer 1993; Reimer et al. 2013). 
For the palynological analysis a total number of 16 samples were taken. For sample pro-
cessing (on average 1 ml) sodium pyrophosphate was added to avoid coagulation. In the 
next step, samples were treated with cold hydrochloric acid (10%) and cold hydrofluoric 
acid (32%), followed by a repeated addition of HCl in order to eliminate carbonates, quartz 
and fluorosilicate gels, respectively. Subsequently, the residual organic fraction was 
screened through 120 and 10 µm mesh sieves and mounted on glass slides in glycerol. 
Lycopodium tablets were added for concentration estimates and a light microscope at 400 
× and at 1000 × magnifications was used for counting and identification of the palyno-
morphs. Percentages were calculated based on the terrestrial sum and the pollen diagram 
was plotted with the Psimpoll software, version 4.27 (Bennett 2007). A zonation  
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Fig. A.1: Facies interpretation, granulometry, geochemistry and 14C age estimates of the sediment 
core KUL 13 (own design 2017). 
 
by cluster analysis (CONISS) after square-root transformation was applied to the main ter-
restrial taxa. 
From the maximum depth at 12 m to 3.67 m b.s. the sediment core consists of homogene-
ous silt with a high clay content. Only between 10.12 and 8.49 m b.s. and around 4.50 m 
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b.s. the sand component rises slightly. The geochemical parameters from the investigated 
part between 12 m and 10.40 m b.s. indicate lagoonal conditions (cf. facies determination 
Chapter 2.5.1.3) that seem to prevail until the upper part of the silt layer. Between 3.67 m 
and 2.50 m b.s. peat layers with macroscopic plant remains can be found. Above those, 
homogenous coarse sand was accumulated in the course of the construction of the cause-
way.  
The investigated part between 12 m and 10.40 m b.s. can be dated to the second half of 
the 5th millennium BC due to the two radiocarbon ages that were taken at 11.86 and 10.29 
m b.s. indicating ages of 4533-4366 cal BC and 4036-3804 cal BC respectively. The pollen 
data implies warm and humid climate conditions for that time. Open forests prevailed in the 
surroundings of the lagoon which were dominated by alder (Alnus) as well as hornbeam 
(Carpinus betulus) and hazel (Corylus) with scattered Turkish pines (Pinus eldarica), Fagus 
and deciduous oak (Quercus deciduous). The high percentage of non-arbol pollen, espe-
cially sedges (Cyperaceae) and grasses (Poaceae), indicate swampy conditions. Over the 
estimated time the latter decreased slightly while the percentage of arbol pollen increased, 
suggesting a trend to dryer conditions – although on a very limited scale.  
These results confirm the prior outcome of investigations by Connor et al. (2007) and de 
Klerk et al. (2009) at the site of Ispani. Even though their studies cover a time span of ~5500 
years they also assume warm and humid conditions. Future investigations (cf. Chapter 6) 
would extend and deepen our knowledge of the region's palynology.  
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Fig. A.2A: Pollen analysis (part I), plotted with Psimpoll software, version 4.27 (Bennett 2007). The 
x-axes indicate the percentages of the single species. A zonation applied of the main terrestrial taxa 
was applied by cluster analysis (CONISS) (analysis and design: S. Leroy, 2017). 
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Fig. A.2B: Pollen analysis (part I), plotted with Psimpoll software, version 4.27 (Bennett 2007). The 
x-axes indicate the percentages of the single species. A zonation applied of the main terrestrial taxa 
was applied by cluster analysis (CONISS) (analysis and design: S. Leroy, 2017). 
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